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'HIS BULLETIN is intended to convej'' practical informa- 



tion, not only to farmers just beginning to irrigate and 
those whose irrigation experience has extended to a 
limited nmnber of crops, soil types, or weather conditions, 
but also to more experienced irrigators who may find the 
suggested methods helpful in their accustomed operations. 

War conditions have greatly increased the needs for 
agricultural production. The armed forces require much 
more food and fiber than they did as civilians. War 
workers need more of both than normally, and have the 
mone}'^ with which to buy good food and clothing. More- 
over, the lend-lease program requires enormous quantities 
of farm products. The demand for food and the rehabili- 
tation of war-torn countries will continue long after active 
hostilities cease. 

Under suitable conditions proper irrigation will greatly 
increase crop yields per unit of farm land. Many opera- 
tions, including seedbed preparation, planting, and har- 
vesting, must be done regardless of the yield of the crop or 
whether it is irrigated or not. In general, the quantity 
of crop produced per man-day of labor will be greater 
on irrigated land than for similar crops on nonirrigated 
land. 

Irrigation is usually essential to the profitable produc- 
tion of most crops wherever the annual rainfall is less 
than about 15 inches, and often it is profitable for general 
farm crops where the annual rainfall is more than that 
quantity but occurs largely during the nongrowing sea- 
son. Wherever the growth of crops is limited by a short- 
age of moisture, even for a comparatively short time, 
irrigation properly applied will increase the growth. 

This bulletin supersedes Farmers' Bulletin 864, Practi- 
cal Information for Beginners in Irrigation. 
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INTRODUCTION 

IEEIGATION is the artificial application of water to the soil, sup- 
plementing rainfall, chiefly for the purpose of maturing crops or 
increasing their yields. It may include the occasional sprinkling of 
a city lawn or flower garden during a brief dry spell or the supplying 
of nearly all the water required by the crops on a large farm in a 
region of typically low rainfall. 

There has been an increase in the demand for farm crops in general 
as well as a shift towards the things typically produced under irriga- 
tion : meats, dairy products, vegetables for dehydration and canning, 
sugar beets, and many others. As a result, experienced irrigation 
farmers are being pressed for greater and greater production with 
less and less labor and equipment available ; and new men and women 
are entering the irrigation field in increasing numbers. Both groups 
should find practical help in solving new problems in the pages that 
follow. 



1 Under the direction of W. W. McLaughlin, Chief, Division of Irrigation, Soil Conservation Service 
iand in cooperation with the Soils Department, Oregon Agricultural Experiment Station. 
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NEED FOR IRRIGATION 

Irrigation may be useful even in distinctly humid climates. The 
annual precij)itation of many parts of the United States is greater 
than the quantity of water required for the production of crops, but 
dry periods may injure the shallow-rooted or less drought-resistant 
crops. These may come regularly every summer, as on the Pacific 
coast; or at irregular intervals, as in the Eastern States. Supple- 
mental watering is practiced to counteract the effect of these dry peri- 
ods. Irrigation is usually essential to the profitable production of 
most crops wherever the annual rainfall is less than about 15 inches, 
and often it is profitable for general farm crops where the annual 
rainfall is more than that quantity but occurs largely during the non- 
growing season. Wherever the grow^th of crops is limited by a short- 
age of moisture, even for a comparatively short time, irrigation prop- 
erly applied will increase the growth. 

In some instances, especially in the production of grain or seed 
crops, irrigation applied at the wrong time may reduce the yield of 
seed though increasing the vegetative growth of the plant.^ On the - 
other hand pastures, forage crops, vegetables, and small fruits need 
to be kept growing and succulent. These will respond to irrigation 
by increased growth, and often by improved quality, whenever lack of 
rainfall would otherwise cause the soil in the major root zone to become 
comparatively dry. The degree of dryness which crops will with- 
stand depends greatly on weather conditions. During hot, dr}^ peri- 
ods, particularly those characterized by strong winds, crops may 
suffer severely for water unless the soil contains much available mois- 
ture : whereas, during cool moist periods, the demand may be so low 
that the crop will not suffer, even if the soil moisture is depleted 
almost to the wilting point.^ 

THE IRRIGATED FARM 

In choosing a location for irrigation farming, all factors of soil, 
markets, roads, climate, and living conditions required for success 
without irrigation should be considered, and in addition, land surface, 
special characteristics of soil and subsoil, and irrigation water sup j)ly 
should be given attention. 

LAND SURFACE 

Almost any land can be irrigated, but, if the land surface is too steep 
or too rough, the irrigation difficulties will be so great that the cost in 
money, labor, or both will be excessive. An ideal field for irrigation 
is one having a smooth slope of 0.3 to 1.5 percent to 3 inches per 
rod). On such land very little leveling, if any, will be required and 
water can be applied with a minimum of labor. Slopes as great as 
3 or 5 percent can be irrigated without much difficulty and, by the use 
of special methods and crops, slopes up to 12 or 15 percent can be used. 
Beyond this limit extra precautions must be taken and ordinary meth- 



2 The special requirements of some of the more important farm crops are discussed in 
Farmers' Bulletin 1518, Orchard Irrigation; 1556, Irrigation of Small Grains; and 1630. 
Irrigation Practices in Growing Alfalfa. 

' The term "wilting point" designates the moisture content of the soil when plants can 
no longer ohtain from it enough moisture to prevent wilting, even in moist air. 
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ods and crops cannot be adopted. With yery level lands the cost of 
distributing water and of leveling may be excessive, because the surface 
must be made extremely smooth, if there are not to be pockets in which 
irrigation water may become trapped. 

The extent to which rough land (that is, land which slopes in dif- 
ferent directions or has small hills and hollows) may be leveled for 
irrigation depends both on the cost of the operation and the depth of 
the soil. Heavy leveling, requiring cuts of a few feet, may be justified 
where the soil is deep and high-priced water is to be used on high- 
value crops. At the other extreme, some soils are so shallow and sub- 
soils so infertile that little or no leveling can profitably be done. Land 
so shallow that it cannot be leveled at all without destruction of fairly 
uniform productiveness or so rough that excessively large quantities of 
soil must be shifted should not be included in surface-irrigation plans. 
If such land is otherwise productive it perhaps may be profitably 
irrigated by sprinkling. 

SOIL AND SUBSOIL 

The ideal soil for irrigation is a deep fertile loam or fine sandy loam 
with excellent surface and subsurface drainage. With soils, as with 
land surfaces, almost any extremes can be irrigated, but the inter- 
mediate textures are best. If the soil is sand or is shallow and lies on 
a sand or gravel subsoil, it is difiicult to spread irrigation water over the 
surface without overirrigating the portions of the field next to the 
head ditch. Sprinkler irrigation may overcome the difficulties caused 
by the excess porosity of such soil, but sprinkling is generally expensive 
and does not prevent trouble due to the small w^ater-holding capacity 
of such soils. 

Tight clays and silty clay loams are difficult to irrigate because of 
the slow rate at which they absorb water. The time required for 
securing proper penetration of water into these soils calls for extra 
labor in irrigation and, in extreme cases, may result in injury to the 
crop by scalding while the water is being held on the surface. Danger 
of scalding may be decreased by providing surface drainage and pre- 
venting any standing water from coming into contact with the plants. 
Such soils often have the capacity to hold large quantities of moisture 
in a form available to plants, but it is sometimes impracticable at a 
single irrigation to get enough water into the deeper part of the root 
zone to take advantage of this high capacity. 

Soils of moderate texture and high water-holding capacity are 
especially favored because they permit easy application of water at 
infrequent intervals, with good resultant crops. Fertility of irrigated 
soils is of great importance for three reasons : Farming under irriga- 
tion is relatively expensive and high yields are necessary for profitable 
results. Under good irrigation practice, water is not the limiting 
factor and crops can respond to good fertility with correspondingly 
good yields. The use of water per unit of crop yield is less for fertile 
than for infertile soil. 

Under irrigation, depth of soil and high water-holding capacity are 
equally important. More frequent irrigation, resulting in increased 
cost in water, labor, and money, will be required for shallow than for 
deep soils. 
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In arid and semiarid sections the problem of soil alkali mnst always 
be considered. In some localities large areas of soil contain excessive 
quantities of soluble salts which may reduce yields of crops or, in 
extreme cases, entirely prevent their growth. Since many factors 
affect the damage caused by soil alkali, no definite statement can be 
made as to the maximum quantity of salts in soil or water that will 
permit reasonable crop production. However, given an ample supply 
of good water and a well-drained soil, all but the worst types of black 
alkali^ can be leached out at a moderate expense. (See p. 68.) 

WATER RIGHTS 

The right to the use of wat^r is of great importance wherever irriga- 
tion is practiced. Two fundamentally different theories or systems 
of water rights are recognized in different States. 

These are the doctrines of appropriation and of riparian rights. 
In most of the Western States the doctrine of appropriation is in 
effect. Essentially, this provides that tlie water of all natural streams 
belongs to the public, but that it may be appropriated for a beneficial 
use by any person. The one who first uses the water thereby estab- 
lishes a prior right to its continued use for the original purpose. 
That right may be maintained against any later would-be user but 
will be lost if the use is discontinued for a certain period of years. 
Thus the early settlers on western streams diverted the water for the 
irrigation of their farms on the basis that "the first in time is the 
first in right" and as long as they or their successors continued to 
make such beneficial use of the water they have had the legal right to 
do so, to the exclusion of later would-be appropriations beyond the 
limits of the supply. 

The diversion and distribution of the water of the streams to those 
having established rights to its use is under the supervision of the 
State engineer or some corresponding official in those States where the 
doctrine of appropriation is recognized. Any farmer expecting to 
develop a new irrigation supply from a natural lake or stream, no 
matter how small, should consult the proper State or local official and 
secure the necessary permit. However, a State permit or license for 
the use of water does not in any way guarantee that there will be 
water available for use during dry periods. 

In the humid sections of the United States the common law is that 
the owner of land bordering upon a natural stream is entitled to the 
continued flow of that stream in its natural condition. This is known 
as the riparian doctrine. It has been modified by court decisions in 
some States to permit reasonable use of water by landowners adjoin- 
ing the stream. The prospective irrigator in areas where the riparian 
doctrine holds should consult local authorities regarding legal rights 
to the use of water. 

The law with regard to the use of ground water is not well settled. 
In some States ground water may be appropriated in much the same 



* Tlie term "alkali" as used in this bulletin refers to any excessive quantity of soluble 
mineral salts whether neutral or alkaline in reaction. Soil alkali is often popularly classed 
as '* white" if it consists chiefly of neutral salts, such as magnesium sulfate (epsom salt) 
or sodium chloride (common salt) ; and as "black"' if it consists largely of alkaline salts, 
such as sodium bicarbonate (soda). 
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manner as surface water. In others, each landowner is permitted to 
use only a proportionate share of the supply underlying his and his 
neighbors' land. In most States, however, the only regulation of the 
use of ground water is by the officials concerned with the sanitary 
condition of domestic water supplies. Farmers proposing to use 
ground water for irrigation should consult local officials about laws 
and regulations governing such use.^ 

IRRIGATION WATER REQUIREMENT 

A great deal of study has been devoted to determining the quantity 
of water required for irrigation. Information is available as to 
average requirements, but much has still to be learned about the effects 
of weather, soils, and crops on needs in different conditions or environ- 
ments. The irrigation requirement must be considered from two 
points of view : that of the rate of use, and that of the total seasonal use. 

When the capacity of pumping plants or that of pipes or ditches is 
to be determined, there must first be known the area of land that may 
be irrigated by a stream of a given size or, conversely, the size of 
stream required to irrigate a given area. This quantity does not vary 
widely between different parts of the country or for different crops. 
When during a dry period the soil moisture supply is exhausted, crops 
must get their whole supply from irrigation. Much of the difference 
in the irrigation requirement of crops thus depends on the length of the 
irrigation season. A crop like wheat or peas that is harvested early in 
the season may use water just as rapidly for a short period as a long- 
season crop, like sugar beets or beans ; yet its total use may be much 
smaller. 

Differences in soils have a greater influence on water use. While it 
is probable that crops grown on sandy soils do not actually use any 
more water than similar crops on heavier soils, the difficulty of pre- 
venting waste from the lighter soils makes it almost impossible for 
them to get along with as small an irrigation supply as that given 
the others. 

The rate of use of irrigation water may be expressed in several differ- 
ent ways, each of which is common in some localities or for some types 
of irrigation enterprises. In table 1 the flow required for irrigation 
under ordinary conditions is given in terms both of area served and 
size of stream.^ If the soil is sandy, if most of the farm is in a single 
crop, or if the weather during the dry periods is likely to be hot and 
windy, the larger quantity of water or smaller area of land shown in 
column A should be used in estimating requirements. If the reverse 
conditions exist, the smaller quantity of water or larger area of land 
shown in column B should be taken. The quantities shown are based 
on irrigation for 24 hours a day. If water is expected to be used only 
part of the 24 hours, the water quantity should be increased or the 
land area decreased proportionately. For example, if the table calls 
for 4.5 gallons per minute per acre and it is planned to operate a pump- 



HUTCHINS, W. A. SELECTED PROBLEMS IN THE LAWS OF WATER RIGHTS IN THE WEST. 

U. S. Dept. Agr. Misc. Pub. 418, 513 pp. 1942. This publication gives the most recent 
information on this subject. It is more suitable for reference by a lawyer than by thosf 
not having legal training or experience. 

« See page 16 for definitions and discussion of the units used in measuring water. 
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ing plant only 16 hours a day, the quantity should be increased to 6.7 
gallons per minute per acre, thus : 

(1x4.5=6.7) 

Table 1 refers to the quantity of water delivered at the farmer's 
head gate and does not allow for seepage or evaporation losses from 
ditches or canals bringing water to the farm. 



Table 1. — Area that may &e irrigated ivitli a given stream; also size of stream 
required to irrigate a given area 



Area or quantity 



Item 



Acres per cubic foot per second 
Acres per gallon per minute. _ _ 
Acres per miner's inch (l/40)3-_ 
Acres per miner's inch (1/50)*— 
Cubic foot per second per acre- 
Gallons per minute per acre___ 
Miner's inches (1/40) per acre.. 
Miner's inches (1/50) per acre. . 




.27 

3 

2.4 

. 0083 
3.7 

.33 

.42 



1 The quantities given in column A should be used in estimating the required flow for irrigation where the 
soil is sandy, the area to be irrigated is in a single crop, or the weather during dry periods is hot and windy. 

a The quantities given in column B should be used in estimating the required flow for irrigation where 
the soil is not sandy, diversified crops are grown, and the weather during dry periods is cool and quiet. 

3 In Arizona, central California, Montana, Nevada, and Oregon, 40 miner's inches equal 1 cubic foot per 
second. 

* In southern California, Idaho, Kansas, New Mexico, North Dakota, South Dakota, Nebraska, and 
Utah, 50 miner's inches equal 1 cubic foot per second. 



The total volume of water used during the season by each acre of 
irrigated land must be known in calculating the necessary size of a 
storage reservoir, the annual cost of power for pumping, or the ade- 
quacy of a given volume of water for the irrigation of a tract of land. 
Convenient units for measuring the volume of water in irrigation 
practice are the acre-inch and the acre-foot. Seasonal irrigation 
water requirement may be expressed either as acre-inches or acre- 
feet per acre or, still more simply, as inches or feet of depth corre- 
sponding to rainfull records. 

The depth of irrigation water required on the land will vary from 
nothing during a wet season in a humid area to 5 feet or even more in 
an arid section, where irrigation must provide all the water used 
by the crops during a long season. Under ordinary conditions an 
irrigation supply of 2i4 to 3^^ feet will be sufficient for the usual 
diversified farm crops. 



THE INDIVIDUAL OR SMALL-GROUP IRRIGATION PROJECT 

Much of the irrigation in the United States is carried on by indi- 
viduals or small groups of farmers who have developed their own 
irrigation systems. Water may be secured for these small projects 
by gravity diversion from natural streams or by pumping from sur- 
face or underground supplies. 
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GRAVITY DIVERSION FROM NATURAL STREAMS 

Many farmers secure irrigation water from small natural streams, 
either through ditches diverting from the streams at points higher 
than the land to be irrigated, or by pumping. Figure 1 shows an 
irrigation system of the former type with a diversion ditch. The 
dimensions of the dam shown are appropriate where the bed of the 
stream is stiff clay or a mixture of sand, gravel, and boulders. If 
the stream bed is loamy or sandy, the cut-off walls under the front 
and back ends of the dam should be 2 feet deeper and the length of 

Diversion dom 




SECTION A-A OF DIVERSION SECTION- B B 



FiGUBE 1. — SmaU gravity irrigation system. 

the structure up and down stream should be increased to 20 feet. If 
the height of the diversion dam has to be more than about 5 feet, it 
will usually be well to consult an engineer about its design. 

Where wood is cheap and plentiful a timber dam that will last for 
several years can be built at small cost. Figure 2 shows such a dam. 
For its own safety the structure should be thoroughly tied into the 
banks by cut-off or wing walls extending well back into solid material 
on both sides, and by deep cut-off walls. A long apron should also 
be provided. The stream will find a way around or under the dam 
and quickly wash it out entireljr if this is not done. 

The size and shape of the diversion ditch are described elsewhere 
(p. 46). The head gate at the point of diversion should be sub- 
stantially made and tied into the ground like the diversion dam. 

545912° — 43 2 
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Flashboards up to 5 feet in length and in a stream of water 3 feet 
deep can be handled by one man. For spans of 5 feet, 2- by 6-inch 
planks ma}^ be used where the difference in water level above and 
l)elow the dam is less than 3 feet; up to 5 feet, 3- by 6-inch planks 
will serve. For spans of 4 feet, 3-inch planks should be used for 
depths of 4 and 5 feet. 

It is a good plan to use flashboards on the diversion dam itself, and 
a gate iiTthe section of the structure where the ditch begins. The 
excess flow of the natural stream will escape over the boards, while 
the remaining flow will enter the ditch beneath the gate. With this 
combination in operation small fluctuations in the flow of the stream 
will be absorbed in the escape over the dam and will not greatly 
affect the flow in the ditch. Floating trash will also be carried over 
the dam instead of down the ditch. 




Figure 2. — SmaU timber dam. Vertical planks were driv^'u for a cut-off wiiU 
ill front of and below the timber crib on both sides. Similar planks were 
driven under the opening in the dam. 



An exception to the rule given above should be made and the reverse 
practice resorted to, surface flow being taken into the ditch and bottom 
flow allowed to go down the stream, where much sand or gravel is 
carried along the bottom of the channel. Where, as sometimes hap- 
pens, it is impossible to prevent entry of sand and gravel into the head 
of a ditch, much of the material that runs along the bottom may be 
removed by the vortex- tube sand trap. This device (fig. 3) is a tube 
joartly open at the top, laid diagonally across the bottom of a section 
of flume in the ditch. The action of the vortex formed in the tube by 
the water flowing over it will trap any sand or gravel moving down 
the ditch and discharge it, with a small stream of water, at the side of 
the flume. Often the material can be carried back into the stream from 
which it came and thus be disposed of. Sometimes other provisions 
must be made for getting rid of the debris, but in any case disposal 
when the trap is used is much easier than if it is allowed to go down the 
ditch to be removed later in cleaning operations. 
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GROUND-WATER SUPPLY 



Three questions must be answered before the feasibility of irrigation 
by pumping from ground water can be determined : ( 1 ) Is there water 
in the ground within reasonable depth? (2) If so, is the formation 
holding the water sufficiently pervious to let enough flow into a well 
for irrigation? (3) Is the quantity of water to be pumped annually 
from the underground basin legs than the average annual recharge of 
that basin ? 

Almost everywhere the depth to water can be determined quickly by 
an inspection of existing domestic wells, and more often than not it will 
be found that there is 
ground water within a 
reasonable distance of 
the surface. The sec- 
ond question can be an- 
swered positively only 
by actual test of a prop- 
erly constructed well. 
An experienced driller 




Water with sand and grovel 



"Sond and grovel dischorged here 
PLAN 




-Send and grovel discharged here 
ELEVATION 



can, however, make a 
fairly good estimate 
from the log of a test 
well and examination 
of samples of the drill- 
ings. 

In any district where 
the ability of the under- 
ground formations to 
deliver large quantities 
of water has not been 
thoroughly demon- 
strated by developed 
wells no great sum of 
money should be spent 
in constructing a large 
well, buying machinery, 
or preparing land for 
irrigation until a test 
well has been drilled 
and the conditions care- 
fully studied by an ex- 
perienced person. The 
fact that domestic wells 

have provided plenty of water for farmstead and livestock does not 
prove that successful irrigation wells can be developed. During dry 
periods a quantity of w^ater equivalent to 5 gallons per minute or. 7,000 
gallons per day will be required to irrigate each acre of land ; thus a 
well furnishing an ample supply of water for a farm home and 1,000 
head of mixed livestock might suffice to irrigate only 1 acre of land. 
• : Irrigation is being satisfactorily practiced by pumping from wells 
ranging from dug pits 4 or 5 feet square by 15 or 20 feet deep, or 




Cost of concrete 
or mode of sheet 
metol 



SECTION A-A 



FiGUEE 3. — Vortex sand trap. 
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batteries of sand points driven 15 to 20 feet into sand, to drilled wells 
hundreds of feet deep. In a few cases large sand or gravel pits are 
being used as sources of irrigation water. 

In certain areas so much water has been or may be pumped from the 
underground supply that the water table has fallen or will fall to such 
depths that pumping for irrigation may no longer be ewnomically 
feasible. Before investing heavily in a pumping project the danger 
of overdevelopment should be investigated. 

There are certain advantages in the use of a well and pump for the 
irrigation of a farm. Water is available whenever it is wanted with- 
out the necessity of waiting a turn in a rotation schedule such as is 
often imposed in delivery from a canal system. Often the well can be 
placed in a more convenient location than that suitable for the head 
gate in a supply ditch. No supply ditch has to be maintained. One 
of the greatest advantages of well water is its freedom from the 
weed seeds commonly carried in surface supplies. The chief disadvan- 
tages are the cost of constructing, developing, and equipping the well 
and of providing power for pumping and, often, the small capacity of 
the well. 

If the water is located in loose gravel beds that lie nearer than 20 
feet from the surface, it will often be found that an open well will 
furnish a satisfactory irrigation supply. Usually it is desirable to 
employ an experienced well digger to sink and curb the well. He must 
have a good pump to keep the water out as the work progresses and, 
unless this pump has a capacity greater than that needed after the well 
is completed, he will be unable to go deep enough to develop the needed 
supply. 

If the water-bearing gravel bed is thick, or the water is found in sand 
or in a bed deeper than about 30 feet, it will ordinarily be best to employ 
a driller with a machine. There are a number of types of machines, 
each suited to certain conditions. 

Several points should be kept in mind in making the contract with 
the well driller. A written contract setting forth in detail what is ex- 
pected of him will often save much argument and hard feeling, and 
may result in a better well than would otherwise be obtained. Some of 
the important things to set out are : 

1. The type, weight, size, and length of casing should be specified ; 
also whether it is to be perforated before or after being placed in the 
well and how much it should be perforated. (Perforations should be 
ample.) Who is to furnish the casing and do the perforating should 
likewise be stated. 

2. The depth to which the well is to be drilled at the given price, with 
proviso that the owner can order drilling stopped at any time. Some 
sort of a minimum also should be provided to insure payment to the 
driller for moving and setting up his rig. 

3. Provision should be made for developing and testing the well. 
These procedures are highly important from the owner's point of view. 
Proper development may increase the capacity of the well two or three 
times and without an adequate test he will be unable to choose pumping 
equipment to the best advantage. 

4. Some well drillers are willing to be paid on the basis of the quan- 
tity of water developed. In such cases an upjDer limit should be stated 
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in the contract to protect the farmer from having to pay for more water 
than he can use. Also to be fixed is either the draw-down or the total 
lift at which the quantity will be measured/ 

PUMPING EQUIPMENT 

If ground water is to be used for irrigation it will have to be pumped, 
and in many cases it will be convenient or necessary to pump surface 
Avater. One of the several types of centrifugal pumps will almost 
always be found most suitable for irrigation use. These pumps are 
compact, generally cheaper than other pumps of equal capacity, may be 




FiorRE 4. — Horizontal centrifugal x^nnip direet-eonnected to electric motor. 



highly efficient, do not get out of order easily, wear well, and as a class 
are adaptable to a very wide range of conditions . While centrifugal 
pumps can be suited to almost any pumping problem, an individual 
pumi^ is only efficient in the rather narrow range of use for which it 
was designed. A typical centrifugal pump consists, essentially, of a 
rotor, or impeller, mounted on a shaft ; a casing in which the impeller 
rotates, which may or may not be provided with vanes and in which 
the stream of water thrown out by the impeller is, guided to the out- 
let ; and the necessary pulley or other driving mechanism. 

Figure 4 shows a horizontal centrifugal pump of the type used for 
pumping from a surface supply or shallow well. A pump of this type 
should be set so as to be not more, and preferably less, than 15 feet 
vertically above the surface of the water supply w hen operating. It 
may be driven by a direct-connected electric motor, by V-belt drive 



Circular 546, Putting Down and Devoloping Wells for Irrigation, gives detailed infor- 
mation needed by the farmer who plans the construction or use of a well for irrigation. 
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from an electric motor or stationary internal combustion engine, or 
by flat-belt drive from a tractor or other motor. Pumps of this type 
are obtainable in a wide range of sizes to work against any head, al- 
though they will not be very efficient at heads less than about 10 feet. 
They must be started by priming, which is best provided for by in- 
stalling a gate valve in the discharge pipe and an ordinary pitcher 
pump over the casing. (A foot valve in the suction is not satisfactorv, 

because of the tendency of sticks 
and stones to catch under the 
valve and prevent its closing.) 

The horizontal centrifugal 
pump should not be used in wells 
where the draw-down is more 
than about 15 feet, or in any cir- 
cumstances where the water sur- 
face fluctuates more than that 
^ distance during the season, un- 
less provision is made to lower 
the pump as the water level 
drops. The vertical centrifugal 
pump shown in figure 5 is suit- 
able for use inider such condi- 
tion. Since the pump itself is 
always below the water surface, 
it is always primed, but, because 
of the long shaft and the fact 
that the pump itself is under 
water, lubrication and repairs are 
difficult to effect. Vertical 
pumps may be driven by direct - 
connected vertical electric motors 
or through gear heads or quar- 
ter-turn belts by tractor or other 
internal combustion engines. 
They are suitable for use in wells 
not more than about 60 feet deep. 

For pumping from deep wells 
the deep-well turbine is tlie most 
satisfactory type. Pumps of 
this type are, in fact, being used 
in many areas in wells of only 
FicuRE 5.— Vertical centrifugal pump. moderate depth, because of their 

convenience and reliability. The 
two-stage pumping element of a deep-well turbine consisting of two 
impellers set in bowls, together with a bottom section to which the suc- 
tion pipe is connected and an upper unit for attachment to the column, 
is shown in figure 6. This element is set below the water surface in the 
well and is connected to the pump head at the ground surface by the dis- 
charge column. The impellers are driven b}^ an electric motor or other 
mechanism at the surface through a long shaft running in oil- or water- 
lu])ricated bearings fastened in the center of the discharge pipe. In one 
type of deep-well turl)ine the electric motor is placed at the bottom of 
the pump below the bowls and drives the impellers through a short 
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shaft. These pumps may be driven in the same mmmt M Vertical 
centrifugals. They are made in a wide range of sizes, will pump from 
depths up to several hundred feet, and can be adapted to almost any 
well irrigation job.* 

SMALL STORAGE RESERVOIRS {> 



A number of circumstances may make 
the construction of a small storage reser- 
voir desirable for the individual or for a 
small group of farmers planning an irri- 
gation system. ^ Some streams flow only 
during the spring runoff or after summer 
rains. Other spring-fed streams are so 
small that satisfactory flow for irrigation 
cannot be secured unless it is stored for 
several hours or a few days. Many a well, 
flowing or pumped, can be made to supply 
only a very small amount. In some in- 
stances the diminutive stream pumped by 
a windmill can be stored amt utilized 
briefly in a larger stream or during wind- 
less periods. Under some conditions 
power, especially electric energy, can be 
secured more cheaply to operate a small 
pump 24: hours a day than for a larger 
pump operated only a few hours. By uti- 
lizing a small storage reservoir a small 
stream can be pum]:)ed continuously to per- 
mit release of a larger and more satisfac- 
tory irrigation stream for a sliorter period 
each day or once in sevei'al days. 

Eeservoirs for such limited storage may 
be made either by building a dam across a 
natural depression or by digging out a 
^ basin on a comparatively level area and 
using the excavated material to increase 
the storage capacity by means of an em- 
bankment. The cost of building a reser- 
voir by excavation and embankment often 
is high in relation to the quantity of water 
that may be stored. Sometimes an inex- 
pensive but satisfactoiy ri^servoir can be 
inade of a natural depression tliat does not 
serve as a channel for the runofl' of a con- 
siderable area and into which the water to 
be stored can be conveniently pumped or 
diverted by a ditch. A resei voir in a 
stream channel usually requires construc- 
tion of an expensive spillway, as well as 
the dam itself. Dams for small storages 
3nay ])e eartli embankments, rock-fill dams 



^1 



Figure 6. — ; 



Deep-weU turbine 
pump. 



Bii'lh^tT I'^'^T^Sm.lw^^^ small irrigation pumping? plants is sivon in Farmer.' 

of"small Irngat^^liX^^ '"^ '^'""^^^ ''''' ^^^^^^^ ^^^^ ^P*^^^^^^" 
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with timber or concrete faces, tim- 
ber cribs, or concrete dams of dif- 
ferent types. The timber-crib dam 
shown in figure 2 was constructed 
for the purpose of storing the wa- 
ter of a small stream. Most often 
earth embankments are used. Fig- 
ure 7 shows a typical earth em- 
bankment with an outlet pipe. 

The greatest danger of failure 
of an earth embankment comes 
from leakage of water along the 
natural surface below the dam or 
along the outlet pipe. This can be 
guarded against by means of one 
or more cut-off walls of wood or 
steel sheet piling or of puddled 
earth, as shown in figure 7. The 
figure also shows concrete collars 
placed around the outlet pipe to 
cut off any water that might fol- 
low the outside of the pipe. 

Provision of a spillway to allow 
flood flows to pass the dam is the 
most difficult and expensive part 
of the construction of a reservoir 
in a stream channel. The spill- 
way opening should be at least as 
large as the natural channel below 
extreme high water and the chan- 
nel should be protected from ero- 
sion by flowing water. 

The upper face of an earth em- 
bankment should be protected 
from wave action if the water sur- 
face covers more than an acre or 
so. This can be done by placing a 
layer of sand and gravel on the 
earth, then covering this layer 
with large stones placed by hand.^ 

THE LARGE IRRIGATION PROJECT 

Throughout the Western States 
there are many large irrigation 
projects in which the water supply 
for each individual farm is deliv- 
ered at the head of the farmer's 
ditch, usually at the highest part 
of his field. He has no individual 



Further information on the construction 
of small storage reservoirs is in Farmers' 
BuUetin 1703, Reservoirs for Farm Use, and 
Farmers' Bulletin 1859, Stock-Water Devel- 
opments : Wells, Springs, and Ponds. 
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responsibility for its diversion from the stream or reservoir or its 
transmission to his farm. 

DELIVERY OF WATER 

From the farmer's point of view the ideal method of delivery is 
"on demand." Under this system each farmer may demand his water 
at any time and in any size of stream. Thus it would be possible for 
all the farmers to demand water at one time and in such large quan- 
tities that they could complete their irrigation within a few days or 
even hours. No large canal system is in a position to meet such a 
demand, but a number can come reasonably close to doing so. On 
these projects water is often ordered 2 or 3 days in advance to irrigate 
a diversity of crops. This results in spreading the demand and, be- 
cause farm units are large, irrigation is carried on both day and night. 

At the other extreme are projects that deliver water continuously to 
all users. This system is probably most convenient for the canal man- 
ageitient since it requires a minimum of bookkeeping. Moreover, on 
projects where the individual farmer does not cut off his supply wnen 
it is not needed, it requires a minimum of regulation of flow in canals 
and laterals. If water is plentiful, the method leads to waste. An- 
other fault is that irrigators, especially on small farms, are required 
to spend a great deal of time tending small streams of water. In 
extreme cases the stream allowed each farmer under this system is 
so small that he cannot use it effectively. 

There are many rotation systems, ranging all the way from a some- 
what hit-or-miss scheme of occasionally combining the flow for two or 
more farms, to a rigid program, worked out before the irrigation 
season opens, under which each irrigator is told in advance at what day 
and hour his water will be available, how long it will flow, and how 
large a stream he will have. 

Eotation among small groups of farmers using water from the same 
diversion ditch or pump is often advantageous, as it permits the indi- 
vidual to use an effective stream long enough to complete an irrigation. 
Fixed schedule rotations should be planned for other than 24-hour or 
7-day periods in order that the same farmers will not always have 
their water at night or on Sundays. 

MEASUREMENT OF WATER 

Irrigation water should be measured. On large projects accurate 
measurement is essential if all water users are to receive their proper 
share of water. Only by the aid of accurate measurements can the 
hydrographer or superintendent distribute the water properly between 
the different parts of the system. On the individual farm accurate 
measurements are necessary in order that the irrigator may know how 
much water is being applied to different fields and thus avoid under- 
irrigation or overirrigation and waste. Since irrigation water is, on 
many farms, a major inescapable item of expense, either directly on a 
measured basis or indirectly through power bills for pumping, good 
farm business requires that it be measured accurately. 



^<>More complete information on the measurement of water is in Farmers' BuUetin 
1683, Measuring Water in Irrigation Cliannels. 

545912°— 43 3 
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Water is measured in two ways : by volume and by rate of flow. Tlie 
cubic foot is the basic unit of volume, but irrigation water is more 
conveniently measured in acre-feet or acre-inches. The quantity that 
will cover an acre of land to a depth of 1 foot is an acre-foot ; it con- 
tains 43,560 cubic feet. An acre-inch is just one-twelfth as much, 3,630 
cubic feet ; it will cover an acre to a depth of 1 inch. These units are 
used in describing the quantity or volume of water contained in a 
reservoir, used during a season in irrigating an acre or some other area 
of land, or running off a given area in a period of time such as a day, 
month, or year. 




Figure 8. — Rectangular weir and rtHording device. 



Where the quantity of water flowing in a ditch or the discharge from 
a pump is concerned units of rate of flow are used. The basic unit of 
flow is the cubic foot x:>er second, or second-foot (generally abbreviated 
as c. f. s. or sec.-ft.). A flow of 1 cubic foot per second will fill a cube- 
shaped box, 1 foot on all sides, every second; or, when moving at a 
velocity of 1 foot per second, it will fill a square flume 1 foot wide and 1 
foot deep. Other units are gallons per minute (abbreviated g. p. m.) 
and miner's inches. The miner's inch is a relic of early placer mining 
days of the West and varies among the different States. In southern 
California, Idaho, Kansas, New Mexico, North Dakota, Nebraska, and 
Utah 50 miner's inches equal 1 cubic foot per second. In Arizona, 
Nevada, Montana, Oregon, and central California 40 miner's inches 
make 1 cubic foot per second. In Colorado 38.4 miner's inches are 
equivalent to 1 cubic foot per second. Four hundred and fifty gallons 
per minute equal approximately 1 cubic foot per second. It is con- 
venient to remember that 1 cubic foot per second (450 g. p. m.) will 
provide close to 1 acre-inch per hour or 2 acre-feet per 24-hour day. 

Water-measuring devices most commonly used on the farm are 
weirs, orifices, and Parshall measuring flumes. 
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WEIRS 

Figure 8 shows a rectanornlar weir v^ith an instrument desioned 
to furnish a continuous record of the floAT over the ^yeir. The trape- 
zoidal or Cipolletti weir, shown in figure 9, has sides sloping outAvard 
1/4 inch for each inch of height. In figure 10 a portable 90° trianou- 




FiGUKE D. — (/ipolletti ^Yeil^ 




Figure 10— Triangnlar-notch weir (portable form). 



lar-notch weir is shown. Rectangular and Cipolletti weirs range in 
size from 1 to 4 feet and are useful for measuring flows from % to 
about 20 cubic feet per second. The triangular-notch weir is espe- 
cially useful for flows of less than 1 cubic foot per second. 
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If weirs are carefully installed and operated, accurate measurement 
of flow can be made. The crest and sides of a weir should be made 
sharp by using a metal plate on the upstream face and beveling the 
wood or concrete back from the edge of the metal. The water must 
reach the weir through a stilling pool, which is both deeper and wider 
than the weir opening. The velocity of flow toward the weir should 
be not more than 0.5 foot per second. 

If weirs are not kept in proper condition and, especially, if the 
ponds above them are allowed to fill with silt, they become very in- 
accurate. The surface of the water downstream must be lower than 
the crest of the weir and this makes it necessary to have a drop of 
several inches in the water surface. The rate of flow is determined 
by measuring the height of the water surface above the crest of the 
weir at some distance back from the weir and using the figure in 
computation by a formula or by reference to a table. Tables 2, 3, and 
4 give discharges of the different kinds of weirs. 



Table 2. — Discharge of rectangular rveirs with complete contractions 
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Table 3. — Discharge of Cipolletti weirs toith complete contractions 
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ORIFICES 

Often there is too little fall in the channel for the use of a weir. 
In such cases measurements may be made by orifices. If the water 
on the discharge side of an orifice covers the opening, the device is 
said to be submerged. The discharge under this condition is com- 
puted from the difference of elevation of the water surface on the 
two sides of the orifice. This difference is generally obtained by the 
use of two gages, one above and the other below the orifice, both set 
to the same zero elevation. The difference between the two gage read- 
ings is the "head" on the orifice. Where the water falls freely away 
from the opening, the device is called a free-flow orifice, and only the 
height of the water surface above the center line of the opening has 
to be known to permit calculation of the flow. 

Orifices are used to measure flows in both open channels and pipes. 
For the latter a number of devices are obtainable. Their manufac- 
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Table 4. — Discharge of '^0° trUnujulur-notcli weir ivith complete contractions 
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turers supply tables showing dischur^es correspoiKlint^ to different 
gage readings or heads. 

A type of submerged orifice in common use for the measurement 
of irrigation water is shown in figure 11. To determine the discharge 
through this type of device.measurements are made of the area of the 
orifice opening and the difference in the height of the water surfaces 
above and below the orifice, as shown by the two gage readings. The 
discharge can readily be ascertained by finding, in table 5, the dis- 




FiGUHE 11. — Adjustable submerged orifice. 
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Table 5. — Discharge through a 1-square-foot suhmerged orifice with complete 
contractions, computed from the formula Q=0.61 {2gH)iA 







1 

Dis- 






Dis- 






Dis- 






Dis- 


Head (H) 


charge 


Head (H) 


charge 1 


Head (77) 


charge 


Head (//) 


charge 






(Q) 






(Q) ! 

1 






(Q) 






iQ) 


— _ 

Jri. 




In 


Sec. -ft. 




Ft 




Jn. 


Sec.-ff. 


Ft. 


In 


Sec. -ft. 




It 




In 


Sec. -ft. 


0 01 




0. 49 


0 21 


21^) 


2.24 


0. 41 




3. 13 


0 61 


/ / 1 6 


3. 82 


02 




.69 


22 


25 1 


2. 30 


42 


bV] t] 


3. 17 


62 


1/16 


3. 85 


'.03 




.85 


!23 


2% 


2.35 


.'43 




3. 21 


^63 




3. 88 


.04 


H 


.98 


.24 


m 


2. 40 


. 44 


hi' 


3. 25 


.64 


71H6 


3. 91 


.05 




1.09 


.25 


3 


2.45 


.45 


5-H 


3. 28 


.65 


71M6 


3.94 


.06 


% 


1.20 


.26 


3^^ 


2. 49 


.46 


51/i 


3. 32 


.66 


7i9i6 

8H6 


3.97 


.07 




1.29 


.27 


3H 


2. 54 


. 47 




3. 35 


.67 


4.00 


.08 


'■He 


1. 38 


.28 


'm 


2. 59 


.48 




3. 39 


.68 


8^6 


4. 03 


.09 


iMe 


1.47 


.29 




2. 63 


.49 




3. 43 


.69 


814 


4.06 


. 10 


I'Mti 
I'He 


1. 55 


.30 




2. 68 


. 50 


6 


3. 46 


. 70 




4.09 


. n 


1.62 


.31 


3H 


2. 72 


. 51 


61^ 


3. 49 


.71 


m 


4. 12 


. 12 


iyi6 


1.69 


.32 


3 '-Mr. 


2. 77 


.52 


6 14 


3. 53 


. 72 




4. 15 


. 13 


1^6 


1.76 


.33 




2.81 


.53 


m 


3. 56 


.73 


8% 


4. 18 


. 14 


11 Me 

IWlG 


1.83 


.34 


hu 


2. 85 


.54 


61.^ 


3. 60 


.74 


8^ 


4.21 


. 15 


1.90 


.35 


4-^ in 


2. 89 


. 55 


(SH 


3. 63 


.75 


9 


4. 24 


. 16 


1^-16 


1.96 


. 36 


4Mc 


2.94 


. 56 


6M 


3. 66 


.76 




4. 27 


. 17 


2H6 


2. 02 


.37 


4Vi6 


2. 98 


. 57 


6 I'M 6 


3. 69 


.77 


9H 


4. 29 


.18 


2^16 


2.08 


.38 


4^16 


3. 02 


. 58 


61 Me 


3. 73 


.78 


93^ 


4.32 


. 19 


2M 


2. 13 


.39 


41 He 


3. 06 


.59 


7Hf5 


3. 76 


.79 


9>^ 


4. 35 


.20 




2. 19 


.40 


41^0 


3. 09 


.60 




3. 79 


.80 


9H 


4.38 



charge (Q) corresponding to the measured head (H) and then multi- 
plying by the area of the orifice. For example : An orifice is 3 inches 
(0.25 foot) wide by 24 inches 
(2.00 feet) long, the upper gage 
reads 1.15 feet and the lower 
1.00 foot. The area of the orifice 
is thus 0.5 square foot (0.25X 
2 = 0.5) and the gage height 0.15 
foot (1.15-1.00 = 0.15). From 
table 5 the discharge for a 1- 
square-foot orifice with a head 
of 0.15 foot is 1.90 cubic feet per 
second. For the given case the 
discharge is 0.95 cubic foot per 
second (1.90X0.5 = 0.95). 

Orifice measuring devices are 
often built in combination with 
Some of these 
manufactured for general 
distribution, while others are 
made and used only on single 
irrigation systems or in localized 
communities. One of the com- 
mercial gates of this type is 
shown in figure 12. Special dis- 
charge tables are provided for 

each device by its manufacturer. Figuee 12.~Caiibratecl head gate. 

PARSHALL MEASURING FLUME 

The Parshall measuring flume, shown in figure 13, is an excellent 
device for the measurement of irrigation water, as it is relatively sim- 
ple to build and to operate. It will not get out of order and is not 



regulating gates, 
are 
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likely to be affected if the approach channel becomes filled with silt. 
As long as the depth of water at the lower gage {Hu m fig. 14) is less 
than 0.7 of the depth at the upper gage {Ha) for flumes with tliroat 
widths of 1 foot or more, or 0.6 for the smaller flumes, the flow can be 
determined from a single gage reading (^a). . , ^ . 

The discharge under the specified conditions is tree flow and tne 
measurement is not affected by conditions in the channel downstream 
from the structure. Table 6 shows the free-flow discharge for flumes 
of different sizes. When the water depth at the lower {Hi,) gage is 
more than about 70 percent of the height at the upper gage, the flow 













7.* 





FiGin:Pi lo. — raivshall flniiie in (»i)tM';it ion. 

is considered to be submerged and the discharge is then determined 
by reading both gages and applying the necessary correct lons.^^ 

Dimensions and phms for building the Parshall flume are set out 
in figure 14 and table 7. 

METHODS OF IRRIGATION 

Water is applied to the soil in many ways. The best method to use in 
particular cases depends on topography, character of the soil, kind of 
crop, size of irrigation stream available, work schedule on the farm, 
and the owner's own desires or experience. In too many cases all the 
farmers in a community use the same methods regardless of their suit- 
ability to the diverse conditions usually present in any large area. Be- 
fore the farm distribution system is laid out, the preparation of land 



Farmers* Bulletin 16S3, Measuring' Water in Irrigation Channels, gives the necessary 
information for computing submerged flow discharge. 
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for irrigation started, or perennial crops or trees are planted, the 
method of irrigation should be decided upon and these operations 
planned accordingly. 

The method of making a topographic map and laying out an irriga- 
tion system is suggested by the small model of a 5-acre field pictured 
in figure 15. The vertical scale has been exaggerated in order to make 
the ridges and hollows show plainly and, as a result, the slopes appear 
to be much too steep for practical irrigation. The field is 20 by 40 rods 
(330 by 660 ft.). The elevation at the highest point near the upper 




Figure 14. — Plan and elevation of the Parshall measuring flume showing dimen- 
sions of W, size of flume, in inches or feet ; A, length of side wall of converging 
section ; 2/3 A, distance back from end of crest to gage point ; B, axial length 
of converging section ; C, width of downstream end of flume ; Z), width of up- 
stream end of flume ; E, depth of flume ; length of throat ; O, length of di- 
verging section ; K, difference in elevation between lower end of flume and 
crest ; N, depth of depression in throat below crest ; X, horizontal distance to 
Sh gage point upstream from lower edge of throat; Y, vertical distance to 
Hb gage point from low point in throat. See table 7 for actual dimensions for 
various sizes of flume. 

left-hand corner is 2,432.5 feet and the lowest point is 2,425.5 feet. 
The difference in elevation across the field is, therefore, 7.0 feet. 

The elevations of different parts of the field are shown by the curved, 
solid lines marked by the elevations, 2,426, 2,427, etc. These are con- 
tour lines. The method of drawing them on a map is described on 
page 43. (See also fig. 32.) These lines follow around the slopes 
on an exact level so that all points on each of them are at exactly 
the same elevation. The steepest slope at any point is always at a 

54.5912*' — 43 4 
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Table 0. — Free-How discharge of Parshall tneasuring flume 

[Letters Ha and W refer to fig. 14. To convert decimal fractions of a foot to inches and fractions, see cor- 
responding units in table 2.] 
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Table 7. — Dimensions and capacities of the Parshall measuring flume, for 
various throat ividths (W) 
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The flooding method has the advantage that little or no leveling of 
the land is required except for the smoothing off of small knobs or the 
filling of hollows. For this reason it can be used where the soil is so 
shallow that the removal of a few inches would expose an infertile clay, 
sand, or gravel subsoil. 

Small irrigation streams, as well as large ones, can be handled by this 
method. In operation the water is allowed to flow into one or more 
farm laterals depending on the size of the stream. In each lateral 
one or more cuts are made through the bank and a dam is placed in the 
ditch to force the water through them and out upon the field. If the 




Figure 1G. — Portable metal dam. 

land is smooth and the laterals are not too far apart the w^ater will 
spread rather uniformly, and with a little work it can be so guided as to 
cover the whole surface between two laterals. After the strip of land 
being irrigated has been sufficiently moistened the dam is moved, more 
cuts are made in the ditchbank, and the old cuts are filled with earth. 

Temporary dams in the lateral may be made of soil, barnyard 
manure, straw, canvas, or metal. AYhere annual crops are irrigated, 
the field ditches are plowed in each year, and a small irrigating stream 
is used; the use of earth for making the dams is fairly satisfactory. 
Some loss of earth occurs each time a dam is broken and, where the 
same ditches are used for several years, the escaping water eventually 
digs large holes alongside the ditch at the points where the check dams 
are built. Straw or barnyard manure piled on the ditchbank where 
dams will be needed may be used effectively and will prevent excessive 
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loss of soil. Sheet-metal dams (fig. 16) are very useful for the smaller 
ditches. For ditches more than about 3 feet wide the portable metal 
dam is too heavy to be practical. 

The temporary canvas dam is the most practical of all. When the 
stream in the field ditch is too large for delivery through a single outlet 
and the ditch has a considerable fall, it becomes necessary to check 
the water without stopping all the flow. This can be done by the use 
of a canvas dam with a tube or sleeve as shown in figure 17. The tube 
or sleeve shown is provided with a puckering string by which the 
amount of water passing the dam can be regulated without danger that 
it will cut into the banks of the ditch. The canvas sheet used for the 
dam should be of about 12-ounce duck, about 2 feet longer than the 
width of the ditch, and about 4 or 5 feet wider than the greatest 




Figure 17. — Portable canvas dam with overflow tube. 

depth of water. A few shovelfuls of soil on the upstream edge of the 
canvas will force it to stay down and effectively check the flow of the 
water. The canvas dam will last for several years if it is cleaned 
and thoroughly dried after each irrigation and stored in a dry place 
when not in use. Reasonably satisfactory results can be obtained by 
using a crooked pole for the support at the top of the canvas dam. 
The pole is set so that it sags in the middle of the ditch and the quantity 
allowed to overflow is adjusted by raising or lowering the ends. 

When more or less permanent ditches are used it is sometimes advisa- 
ble to use wooden or concrete check boxes and outlets instead of tempo- 
rary dams and simple cuts in the ditchbank. These are described on 
pages 54 and 55. 

In many sections the irrigation water carries much silt coming from 
the rivers or washed down from higher irrigated lands. Water-loving 
vegetation, moreover, grows rapidly in irrigation ditches in many 
areas. Where either of these conditions occurs the field ditches need 
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to be cleaned out once or oftener every season. Permanent structures 
in the ditches or on their banks interfere with the use of machinery 
and should be avoided where frequent cleaning is necessary. 

Under some conditions irrigation should start at the upper end of 
a field lateral ; in other cases best results are secured by starting at the 
lower end. In either case the object is, as far as possible, to avoid 
having to build an earthen dam in a rapidly flowing stream of water. 
Where a large stream is used in a field lateral on a flat gradient it is 
best to start at the lower end, as otherwise the water will flow through 
the cuts in the ditchbank at velocities high enough to make it difficult 
to close them. A canvas dam can be set in a fair-size canal full of 
water by the following process : A pole is placed across the ditch and 
sticks are set on a slope against the upper side of the pole a foot or so 
apart. With the canvas rolled on a stick the irrigator steps into the 
channel on the upper side of the framework and starts placing the dam 
at one side, using the shovel to press the edge of the canvas into the 
bank and bed as it is unrolled across the ditch to rest against the sticks. 

In irrigating in this manner all cuts in the bank, except those re- 
quired to irrigate the strip at the end of the lateral, are closed at some 
convenient time before irrigation. When the first strip is irrigated 
more cuts are made in the ditchbank higher upstream and a second 
dam is placed just below these new cuts. 

Where the farm lateral is on a steeper slope, especially if earthen 
dams are being used, irrigation should start at the upper end. By this 
method the dams in the lateral are made w^hen no water is flowing; 
they may, indeed, be made in advance of irrigation. An advantage of 
this method is that any excess water applied to a strip can be caught 
in a lower lateral and applied to a strip not already irrigated. 

Where permanent structures have been installed irrigation may start 
at either end of the lateral. 

FURROWS AND CORRUGATIONS 

Cultivated crops are nearly always irrigated by means of furrows 
between the rows. On sloping land and on soil that bakes or crusts 
badly after being wet such other crops as small grains, hay, and pas- 
ture are irrigated by means of small furrows called corrugations. 

In irrigating by the furrow or corrugation method, water is carried 
in a field lateral, or head ditch, along the upper edge of the field and 
the irrigating stream is divided among a number of furrows running 
down the slope more or less at right angles to the head ditch. A modi- 
fication, described on page 42, is used for row crops grown on steeply 
sloping land. 

The corrugation method is useful where the available irrigation 
stream is too small for effective flooding. With crops that do not 
protect the soil from erosion it can be used on steeper slopes than those 
adapted to the flooding method. It is useful in starting new crops, 
such as alfalfa, that require irrigation before they are well rooted. 
Use of the corrugation method when the crop is just planted or at such 
an early stage of growth that it neither shades the soil sufficiently to 
prevent crusting nor protects it from washing, together with use of 
some type of flooding after the crop is well started, often constitutes 
very good practice. 
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The spacing of furrows for cultivated crops is fixed by the spacing 
of crop rows. In the irrigation of orchards and such crops as squash 
or watermelons that are hill-planted in widely spaced rows, more than 
one furrow is used between them. Often when the trees or plants are 
young a single furrow down each side of the row will serve, but as the 
roots grow out and occupy more of the soil more furrows are added 
until all the space between the rows is wet at each irrigation. Some 
crops are planted in two or more rows on beds or ridges between the 
irrigation furrows. 

Corrugations are spaced to conform to soil characteristics. Water 
applied to most sandy soils with permeable subsoils tends to move 
downward more rapidly than sideways. On such soils the corrugations 
should be close together, say 16 or 18 inches. In well-drained loam 




FiGUEE 18. — Wetted zone below furrow in land with a tight subsoil. 



soils they may be farther apart because the water moves sideways at 
more nearly the rate of downward movement. The actual spacing 
should be such that the soil just under the surface and half way between 
corrugations will become moistened at the same time that the water 
moving downward reaches the bottom of the soil mass dried out by 
the crop roots. Corrugations are generally from 20 to 36 inches apart 
on loam soils, but where a tight subsoil prevents rapid downward 
movement, as shown in figure 18, they may be as much as 4 or 5 feet 
apart. ^ This condition is similar to that discussed under the heading 
of Subirrigation (p. 40). 

The minimum length of furrows and corrugations is that necessary 
to permit economical handling of farm equipment between head 
ditches. In ordinary loam soils the length of furrows should not 
exceed 400 to 600 feet. In sandy soils or on steep slopes this length 
should be reduced to 300 feet or less, while on moderate slopes and tight 
soils it may be increased to 1,000 feet or more. If furrows or corruga- 
tions are too long more water will be absorbed at the upper end tiran 
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Figure 10. — Steel corrugator for use on peniiaiieiit forage crops. 



the soil can hold in the root zone before the lower end is moistened suf- 
ficiently. 

Furrows for the irrigation of row crops are made with the usual 
cultivators and shovels used for the cultivation, of corn or potatoes. 
Different types of implements are used for the making of corrugations. 
Three are shown in figures 19, 20, and 21. 




liGUKE 20. — Home-made wooden sled-type corrugator. 
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Figure 21. — Wlieel-iiioiiiited sliovel-type corrngator. 



The principal difficulty in furro 
of maintaining the proper division 
haps the most satisfactory method 
stead of earth ditches. These 
pipes or flumes may be portable 
so that they may be removed dur- 
ing tillage or harvest operations ; 
or they may be more or less per- 
manent. Openings governed by 
small gates are spaced to corre- 
spond to the furrows or corruga- 
tions. Figure 22 shows in use a 
galvanized-iron pipe of this type. 
Figure 23 shows a wooden flume 
provided with metal slide gates. 

Where the head ditch is lo- 
cated on a steep slope, either pipe 
or flume or a series of checks 
must be used to prevent erosion. 
Pipe or flume is generally more 
satisfactory and one costs about 
the same as the other, installed. 

Where the furrows or corruga- 
tions run doAvnliill the gradient 
of the head ditch is usually small 
and erosion can be controlled 
without the use of pi])es or 
flumes. If conditions permit, the 
water is diverted into a small side < 
into the separate furrows. Dive 



w or corrugation irrigation is that 
of water among the furrows. Per- 
of control is by pipes or flumes in- 




FiGi KE 22. — Portal)le surface distribu- 
tion inim in use. 



ditch or equalizing basin and thence 
rsioii from the head ditch to the 
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Figure 28. — Wooden llume with metal slide gates. (Photograph by Irrigation 
Branch Experiment Station, Prosser, Wash.) 

equalizing basin may be through an open cut in the ditchbank by the 
aid of a temporary dam, as already described. However, more or less 
permanent structures, such as those discussed on pages 54 and 55, may 
be used if the head ditch is comparatively permanent. 

The equalizing basin is a small channel that runs alongside the main 
head ditch. If the slope of the ditch is small, the basin may be 50 to 
100 feet long, but if the slope is considerable, each equalizing basin will 
be much shorter. In all cases each basin is so built that the water 




G D 

Figure 24. — Four forms of irrigation spiles: .4, Galvanized iron with slide gate ; 
B, four laths nailed together; C, one-half of irrigation spile with flat top; Z), 
full wooden irrigation spile. 
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will stand at practically the same elevation throughout its length. 
Water may be diverted from the basin to the furrows through open 
cuts in the bank or through short tubes called spiles. The open cuts 
are satisfactory if the soil is either gravelly or a stiff clay that will 
not wash, or if the bank of the basin is covered with a good sod. In 
cultivated ground subject to w^ashing, the flow into the furrows should 
be controlled by spiles. These short tubes may be made in a number 
of ways. Pieces of tar paper rolled into tubes, short lengths of dis- 
carded bicycle tires, old 1- or li^-inch pipe or boiler tube, or small 
galvanized downspouting may be used. Wooden strips, which when 
nailed together in pairs make a tube, are known as irrigation spiles and 
are obtainable under that designation at lumber yards. By nailing 
a flat strip over one section, a tube with a smaller capacity can be 
made. Four laths nailed together and cut into two lengths make 
spiles that will last 3 or 4 years. Specially made galvanized-iron 
tubes with slide gates attached are sometimes used. One of these and 
three types of wooden spiles are shown in figure 24. 

In some cases one spile of large capacity, made of four strips of 
wood Vi by 2 inches, is used to supply two, three, or four furrows. 

All the spiles from any one equalizing basin should be set at the same 
level so that each furrow will get an equal supply of water. This may 
be done best by setting the spiles with water standing in the basin. 
Setting them in water also makes it easier to seal them in the bank so 
that they will not wash out. Where the land is comparatively level and 
the irrigation stream is constantly watched, the equalizing basin may 
not be needed and the water may be diverted directly from the head 
ditch to the furrows through irrigation spiles. 

STRIP BORDERS 

Where land, water, or labor are expensive, soil deep and not likely 
to crust badly, and the land not too rough or steep, it is generally ad- 
visable to prepare for controlled flooding in border strips or level or 
contour basins. For the border method of irrigation the land is laid 
out in strips that are level from side to side and that slope gently from 
the head ditch to the lower end, w^here there may or may not be a waste 
ditch. The best combination of conditions for border strips is smooth 
land sloping 2 or 3 inches in 100 feet, a moderately porous soil and a 
heavy stand of grass. Under such conditions no other method of irriga- 
tion can equal the border method for efficiency, economy, and ease of 
irrigation. The method is very useful under a reasonably wide range 
of soils and crops. The field shown in figure 15, arranged for flooding 
from field laterals, is shown in figure 25 fitted for the border method. 
In this method the water is carried along a head ditch at the upper end 
of the border strips and is diverted into one strip after another much 
in the same manner as that used in the flooding method. The strips are 
separated by borders or ridges that serve to control and guide the water. 
The same temporary or portable dams previously described may be 
used in this system. Since the ditches used for distributing the water 
are generally not changed from year to year, more or less permanent 
structures as described on pages 54 and 55 may be used. Where water- 
loving vegetation or silt carried in the water necessitates frequent 
cleaning of ditches, permanent structures should be avoided as much 
as possible, because they interfere with the use of ditch-cleaning ma- 
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Figure 25. — Field laid out for the border method of irrigation. 

chines. Preparation of land for the border method is discussed on 
pages 68 to 60. 

LEVEL AND CONTOUR BASINS 

Where the land is nearly level a system of level or contour basins may 
be laid out along one or both sides of the field lateral. For the first type 
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FiGUKE 26. — ^Field laid out in level and contour basins. 
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the bottom is made level and the basin is surrounded by a low border. 
The contour basin, as its name indicates, is laid out on the contour. In 
a contour-basin plan the field ditch runs down the slope and the basins 
are arranged on each side. The lower edge of each basin is marked by a 
border built approximately along a contour but with a slight down- 
ward slope from the field ditch. Figure 26 shows a field arranged 
for level and contour basins. 

In this method of irrigating the entire stream (unless it is very 
large, permitting its division into two or more parts) is turned into one 
basin until it is filled to the depth desired and then moved on to the 
next basin. 

SPRINKLING 

Under certain conditions irrigation can be accomplished best by 
sprinkling. Sprinkler irrigation systems may be classified as perma- 
nent, semipermanent, or portable; as high or low pressure; and as 
straight-line or sprinkler-head. The sprinkler-head group may be 
subdivided between stationary and rotating heads. Almost any com- 
bination of these characteristics may be found in operation. 

The permanent systems involve a large investment in distribution 
pipes and sprinklers and for that reason are, in general, confined to 
such intensive farm units as truck gardens, nurseries, and orchards. 
The cost of labor for the application of water is very small with these 
systems and partly compensates for the high initial investment. 
Portable systems, on the contrary, require a much smaller investment, 
but a considerable amount of labor is involved in the necessary mov- 
ing of the equipment. Since the use of sprinklers involves high costs 
for the necessary piping and other equipment, for the power required 
to provide pressure, and, in spite of its apparent convenience, for 
labor, it should not be adopted where equally satisfactory results can 
be secured by surface methods. 

The conditions that hinder or prevent successful surface irrigation 
and make the sprinkler method desirable are: (1) Land too rough 
and soil too shallow to permit a minimum of leveling; (2) soil so 
porous that water cannot be applied by surface methods without 
serious loss; (3) a stream of irrigation water so small that surface 
methods of application would be too slow; (4) steep slopes with 
either highly erodible or relatively impermeable soils; and (5) special 
labor or management conditions on the farm that make the more or 
less automatic nature of sprinkler irrigation particularly advan- 
tageous. 

The requirements for a successful sprinkler irrigation system are 
uniform distribution of water at the proper rate, and relatively low 
total cost of irrigation. The cost of applying water by sprinklers 
includes interest and depreciation, power, and labor. Each of the 
systems of sprinkler irrigation has advantages and disadvantages and 
the proper choice will depend on the conditions to be met on each 
farm. 

Nonrotating stationary sprinkler heads are not now used to any 
large extent m farm practice. Most of the devices of this type 
sprinkle so small an area that the cost of installing pipe lines for 
permanent systems or the labor required for moving portable systems 
is believed to be prohibitive. However, one device (and perhaps 
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others) has recently been introduced that promises reasonably effec- 
tive irrigation at low pressure and with good coverage. This device 
sprinkles an approximately square area. In common with all low- 
pressure stationary sprinklers, however, it supplies water too rapidly 
for all soils except those of more than average permeability. 

Straight-line sprinkler systems, using rather high pressures (30 to 
50 pounds per square inch), have been in use for many years. In 
these systems pipes fitted with small nozzles spaced 3 or 4 feet apart 
are supported above the ground surface along parallel lines. The 
nozzles are all placed in a straight line on one side of the pipe and 
the water is distributed by turning the pipe back and forth. This 

Table 8. — Length of pipe of different sizes useful in high-pressure overhead- 
sprinkler systems 



Size (inches) 


Length 1 


A 


B 




Feet 


Feet 


H 


- 140 


100 


1 


100 


60 


m 


160 


120 


1^ - 


260 


180 


2 _ 


440 


300 



1 Lengths in column A are for low-capacity nozzles or relatively low pressure (30 pounds per square inch) 
at 4-foot spacings and those in column B for high-capacity nozzles or relatively high pressure (50 pounds per 
square inch) at 3-foot spacings. This table is based on average 1941 prices for pipe and power and for 500 
hours of use per season. For large jobs or unusual conditions the most economical sizes should be determined 
by an engineer. 

may be done by automatic oscillators operated by the water pressure 
in the line, or by hand. Hand operation requires rather constant 
attention, if good distribution is secured. Sprinklers of this type are 
usually permanently installed at a relatively high cost per acre. In 
order to reduce the initial cost portable systems are sometimes used. 
Quick-acting couplings now on the market make it possible to move 
the sprinkler lines with reasonable speed. They are so made that the 
nozzles on all lengths of pipe will line up when the pipes are 
connected. 

With nozzles spaced 3 feet apart the discharge is 7 or 8 gallons per 
minute per 100 feet of line. If the nozzles are 4 feet apart, the 
discharge is three-fourths as much. The first cost of the pipe and 
the cost of the power required to overcome friction should be con- 
sidered in planning the system. In ascertaining what pipe sizes are 
required the first determination to be made is the greatest length 
of the smallest size, usually % inch, that can be used without losing 
too much pressure by friction ; then the length of the next larger size 
is decided upon, and so on until the main line is reached. Table 8 
shows the most economical sizes for the different discharge rates. 
These lines are usually spaced about 50 feet apart. 

Of more recent adoption and still somewhat in the experimental 
stage are low-pressure perforated-pipe sprinkler systems. These sys- 
tems operate under pressures of 5 to 15 pounds per square inch and 
will cover strips 20 to 40 feet wide. All are the portable type and 
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made of lightweight galvanized-iron pipe with slip joints or some 
type of quick-acting couplings. Like other low-pressure stationary 
types they apply water too rapidly for many soils. 

The most common sprinkler irrigation systems in the western United 
States consist of rotary sprinklers operating under comparatively high 
pressures (25 to 40 pounds per square inch). Either the sprinkler 
heads themselves, or more commonly, the lateral pipe lines to which 
the heads are attached are moved across the field as the irrigation 
progresses. These portable pipes are made of light metal, often 16- 
or 18-gage galvanized steel. Standard water pipe is too heavy to move 
every day or several times daily. Many types of such sprinklers are 
available, and for several of them the nozzles are replaceable and 
different sizes are available. 

In selecting sprinklers particular attention should be paid to the 
uniformity with which water is spread, the diameter of the circle 
covered with reasonable pressure, the rate of application of water, 
freedom from trouble in operation, such as clogging and sticking, 
probable useful life, and first cost. All these characteristics vary 
widely in the different sprinklers on the market. Considerable prog- 
ress has been made in recent years toward improving the devices in 
each particular. 

In order to bring about uniform application of irrigation water 
both the spacing of the sprinkler heads and the distribution of water 
by the individual sprinklers must be considered. Two types of 
sprinklers are satisfactory. One applies water most rapidly near the 
head, with the rate gradually tapering off to nothing at the outer edge 
of the circle. By the other type water is applied uniformly over the 
whole circle. Sprinklers of the first type should be spaced close to- 
gether on the lines so that most of the land is reached oy two or more 
of them. Sprinklers of the second type should be spaced farther 
apart, preferably on a triangular pattern, so that very little of the 
land is reached by more than one sprinkler. 

Sprinklers with large nozzles will not only cover larger circles with 
the same pressure but will also apply water relatively more rapidly 
than those with small nozzles, but care should be taken to prevent them 
from applying water faster than the soil will take it. The rate at 
which the sprinklers deliver water should ordinarily be somewhat 
slower than the rate at which the soil will absorb it. If water is applied 
faster the soil may become puddled and, if the ground is sloping, 
runoff will occur and erosion may take place. 

Under certain farm management practices, as for instance on one- 
man dairy farm pastures, it is convenient to change the sprinklers 
twice each 24 hours. If applications of 2 or 3 inches in depth are to 
be made, it will then be necessary to have sprinklers that will deliver 
water at rates of one-sixth or one-quarter of an inch per hour. 

It has been found that rotary sprinklers should revolve slowly but 
uniformly if they are to give satisfactory performance. Types not 
easily influenced by wind action are desirable. 

Another important element of portable sprinkler lines is the cou- 
pling used to connect the lengths of portable pipe. Many different 
types are on the market. A satisfactory coupling should not leak; 
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it should automatically provide for the alignment of the pipe in order 
that all sprinkler connections will stand vertically; it should be easily 
connected and disconnected by one man without the necessity of mov- 
ing up to the connection from the middle of the length of pipe ; and it 

should be sturdy enough 
to stand hard use in the 
field. Figure 27 shows 
one type of coupling 
and a sprinkler con- 
nected to a length of 
portable pipe. 

The design of these 
systems has not been 
standardized because 
each farm or field pre- 
sents a problem differ- 
ent from others and 
there is diversity of 
opinion as to the best 
arrangement of laterals 
and sprinklers. Figure 

^^''^'^^^^^^A MBH^BBtW i shows a typical 

i IMi iii^^^^^^^m^'^^^^ ^^^^^^ sprinkler irrigation la}^- 

out for a small farm. 
1 ^^^BB^M water were not 

r i fsZI^'^^^^S. %9HHHi^^ available at the center 

* '^^5^ ' 5 ^^^^^SBBBBSlltaass^ farm, a different 

arrangement would be 
required at a somewhat 
^'i^-^m^'^^i^^''" ^^^^j^fe^^^^^^HI hio-her cost. 
^ ^ ^ Ihe lay-out is based 

FiGUKE 2^.— Coupling and sprinkler for a portable followino- condi- 

system. ^ 

tions : 

x\rea irrigated acres 20 

Quantity of water gallons per minute__ 100 

Total depth of water to be applied inches— 22 

Sprinklers n umber __ 11 

Discharge of sprinklers gallons per minute__ 9 

Diameter of circle covered by sprinklers feet__ 90 

Total time of sprinkling per season hours__ 2, 000 

Pressure at last nozzle pounds per square inch__ 30 

Pressure at pump pounds per square inch__ 38 

The material required is as f oIIoavs : 

1 pump, capacity 100 gallons per minute against 100-foot head. 

1 three-phase 5-horsepower motor. 

330 feet of 4-inch portable main line. 

300 feet of 3-inch portable main line. 

120 feet of 3-inch portable lateral. 

240 feet of 2-inch portable lateral. 

240 feet of IVo-inch portable lateral. 

13 prinklers (2 extra for use in alternate settings), fittings, suction pipe, gate 
Valve, and priming pump. 

The cost of the equipment of this system is about $650, not including 
the well or power line. In the Willamette Valley, (ireg., portable 
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sprinkler systems of tliis kind, includino: everything but tlie well, have 
cost on the average about $40 per acre of land served. ' 

The economic problem of pumping water through pipe lines re- 
volves about the relative cost of pipe and of power to overcome fric- 
tion. The proper design is that Avhich will result in the lowest total 
cost per season. Other factors to be considered are the ease of move- 
ment of portable pipe and the uniformity of pressure at the sprin- 
klers. 



-Portable lateral A set Mo i 
^Portable lateral A set No. : 




•Portable main line 

■Shallow well and pump 



•Sprinklers 

■Porfohle lateral B set No t 
Portable lateral B set No. 2 



Figure 28.— Portable rotary sprinkler lay-out. 




Figure 29.— I'urtable rotary sprinkler system in operutiou. 
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Figure 28 shows the most economical sizes of pipe at average costs 
for pipe and power. On larger or unusual projects a special design 
should be made. Two laterals are provided in this system. When 
an irrigation is begun one lateral is started at the extreme end of 
the main pipe line while the other is started next to the pump. 
After the first strips are irrigated the first lateral is moved toward 
the pump and the other away from it. In this way the resistance to 
the flow of water in the pipes is kept approximately uniform and 
better over-all performance is brought about. Both laterals could, 
of course, be used on the same side of the main line at one time. 
As show^n in the sketch, the sprinklers are placed 60 feet apart on 
the lines and the lines are also 60 feet apart. An extra 30-foot 
length of pipe is used at the upper end of each lateral at every second 
setting. Thus the location of the sprinklers is staggered across the 
field. By this method good uniformity of distribution can be secured 
with a minimum number of sprinklers. For the best results the 
sprinklers should have a uniform pattern and cover a circle with 
diameter about 90 feet. If the sprinklers have a good pattern and 
cover about 115-foot circles, the staggered arrangement can be used 
on 80-foot spacings. 

If sprinklers with other patterns or covering different sized circles 
are used, good distribution can be secured either by increasing the 
number of sprinklers on the line or by putting the lines closer to- 
gether, or both. This will require more sprinklers to cover the same 
area. Figure 29 shows a portable rotary sprinkler system in oper- 
ation. 

SUBIRRIGATION 

Under certain conditions field crops may secure part or all the water 
needed for growth from the capillary fringe lying over a temporary 
or permanent water table. Naturally subirrigated grasslands occur 
in many localities and under certain conditions artificial subirrigation 
is successful. These conditions are: (1) A naturally high water 
table or an impervious subsoil; (2) soil and w^ater supply reasonably 
free of soluble salts; (3) natural precipitation sufficient at some time 
during the year to leach the soluble salts accumulated during the 
irrigation season down from the surface; and (4) a smooth and 
nearly level land surface. Unless all these conditions are present in 
some degree artificial subirrigation will not be satisfactory. 

In areas with a relatively impervious subsoil 2 to 4 feet below the 
surface subirrigation may be secured by applying water in furrows 
spaced 5 to 30 feet apart. Only by trial can determination be made 
of the distance between furrows that will permit proper moistening 
of the soil midway without a great loss of water by downward perco- 
lation or oversaturation of the root zone near the furrow. The proper 
distance depends on the character of soil and subsoil. 

Where the permanent water table or an impervious layer lies sev- 
eral feet below a highly permeable surface soil, successful subirriga- 
tion can be accomplished by holding water in parallel ditches several 
hundred feet apart until the water table over the whole area has been 
raised almost to the ground surface. The w^ater is then shut out of 
the ditches and the water table gradvially falls to its original position. 

Only under exceptionally favorable conditions is it possible to use 
underground tile lines alternately for subirrigation and for drainage. 
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EROSION CONTROL 

Wherever and whenever water flows over bare soil the soil has a 
tendency to erode. Fortunately, however, the flow of irrigation water 
can be controlled and, if proper care is exercised, loss of soil by 
erosion can be held within safe limits. In some irrigated areas, where 
serious erosion may result from natural rainfall or melting snow, 
precautions should be taken to prevent the irrigation from'^addini? 
to this danger. Preventives such as contour furrows or close-growing 
crops on steep slopes will help to impede erosion resulting from 
natural precipitation as well as from irrigation. 




Figure 30. — {Serious erosiou of noil by first appUcatiou of irrigation water in 

corrugations. 



Newh'^ irrigated lands in the arid regions are likely to suffer the 
most serious erosion. Such soils usually are deficient in organic mat- 
ter and erode easily when first cultivated. (See fig. 30.) After a 
few years of cultivation, particularly if legume crops have been 
grown, arid soils are eroded much less easily. 

Irrigation practices which lead to excessive erosion are the plantino; 
of cultivated crops on steep slopes, use of runs too long for cultivated 
crops and for the starting of other crops, lack of proper methods of 
control of flow of water in ditches and to fields or furrows, use of 
excessively large streams in furrows, and last but by no means least, 
carelessness in tending irrigation water. Controf or reduction of 
soil losses resulting from irrigation obviously depends on avoiding or 
correcting these j^ractices. * ^ 

Special steps can be taken in some cases. Water admitted to each 
furrow or corrugation should be so controlled that a minimum amount 



42 



FARMERS' BULLETIN 1922 



of soil is washed clown the slope. If the slope is steep, an extremely 
small stream must be used. As it will advance down the furrow very 
slowly in porous soil, it may all be absorbed before the end of the 
furrow is reached. For this reason the furrows on steep slopes should 
be shorter than those on flatter slopes. Under some conditions, even 
though the crop rows are of the minimum length practicable with 
usual farm equipment and methods, any stream large enough to reach 
the lower end of the furrows will cause some erosion of soil. If this 
erosion is enough to injure greatly the productivity of the soil within 
a generation or two, some other method of irrigation, such as contour 
furrows or sprinkling, should be adopted; or the land should be 
devoted to some soil-protecting crop like alfalfa, permanent pasture, 
or trees. 



Figure 31. — Permanent irrigated pasture on steep slope. 

Control of the flow into corrugations or furrows by means of spiles 
and by gates in flumes or pipes will help greatly in preventing acci- 
dental washing. Since it is possible to make close adjustment of the 
size of stream in each furrow to the quantity needed lor proper irri- 
gation, smaller streams may be used with such devices. 

Under some conditions, especially on the flatter slopes, the use of 
wide flat furrows, instead of the deep narrow type, will help in con- 
trolling erosion. Drilling of small-grain crops on the contour, where 
the corrugations run down the slope, also helps to reduce erosion. 

Such row crops as potatoes and corn that have deep furrows can 
be ]3lanted in rows approximating contours. Contour furrows can 
also be used in orcharcls and in widely spaced row crops. The ad- 
vantage of this type of contour irrigation is that the slope of the 
furrows can be made so small that little if any soil washing or erosion 
takes place when water flows down them. So-called contour furrows 
are actually put on a slight grade. The method is feasible only with 
large or deep furrows, because with small shallow furrows there is 
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too much danger that water may break out of one mto the next. 
When this happens with contour furrows it always involves the down- 
hill side and the lower furrow, being overloaded, is the more likely to 
break. Soon the load is such that the lower furrows are sure to be 
broken successively and the result is a rapidly cutting gully down the 
hillside. In some cases such crops as lettuce, onions, and sugar beets 
are planted in double rows on ridges or beds, permitting the use of a 
deep irrigation furrow, between the beds, on the contour. In contour 
irrigation the head ditches must run down the steep slope, but b.y the 
use of frequent check structures in earth ditches or, better yet, flumes 
or pipes, the erosion of the head ditches can be prevented. 

As soon as possible, steep slopes should be put into permanent hay or 
pasture. Figure 31 shows very steep slopes in bluegrass and clo\iBr 
pasture successfully irrigated. Starting grass on such steep slopes in 
an arid region requires careful attention to the distribution of irriga- 
tion water. In the left background of figure 31 a "washout" or small 
gully can be seen in an alfalfa field. This erosion occurred when the 
crop was being started. 

THE FARM IRRIGATION SYSTEM 

In planning a farm irrigation system a topographic map of the farm 
is usually the first need. Exceptions occur where the topography is 
such that each portion can be irrigated in one direction only. This 
will be the case if the land is very smooth and the direction of the slope 
is evident and uniform or if the slopes are fairly steep. 

A topographic map shows the elevation and slope of the land by 
means of contour lines, as illustrated in figure 15. The quickest and 
best method of making a topographic map is by means of an engineer's 
plane table and alidade or a transit. If these are not available, a 
satisfactory map can be made by laying oS the field in small squares 
(50 to 300 feet on a side) and then finding the elevation of each corner 
of each square. Low spots or high points occurring on the lines mark- 
ing off the squares are also noted with their elevations. These eleva- 
tions are then indicated on a map showing the squares, and the contour 
lines connecting all the points of equal elevations are sketched in. 
Figure 32 shows the method by which a part of the contour lines for 
the field pictured in figure 15 were drawn. 

By study of the map and consideration of the soil, water supply, and 
crops to be grown, the most suitable method of irrigation can be 
selected. The location of the farm laterals, head ditches, such waste 
ditches as may be required, border stiips or basins, and such structures 
as flumes, pipes, and check gates, is then worked out on the map. The 
particular usefulness of the map is that it permits the ready examina- 
tion of several different trial arrangements, which, if laid out directly 
in the field, might involve many survey lines on a trial and error basis. 
Moreover, it is not infrequently found, when ditch construction and 
leveling are started before a map and complete plan are made, that 
some of the work has to be repeated, ditches must be filled in and new 
ones dug in other locations, and soil already moved to some points 
must be dug up and carried somewhere else, ]3erhaps even back to the 
place from which it came. 
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DITCHES 

If the farm water supply is not delivered at the farm boundary by 
an irrigation project but must be brought from a distance, the farmer 
will need to build some kind of a channel for this purpose. Often a 
ditch is most suitable. Frequently it will be necessary to convey water 
from one part of the farm to another through a channel that is not used 
for irrigating the land alongside. In ditches of this type the water 
surface may lie below the natural ground surface and the ditchbanks 
may be very low. Sometimes, as for instance where the water supply 
is clear and the subsoil is sand or gravel, it is not a good plan to make 
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Figure 32. — Elevations and contours of part of field shown in figure 15. 



the ditches any deeper than is absolutely necessary. In such cases, and 
as regards all ditches used directly for the application of water to the 
adjoining land, the banks must be high enough to hold the water sur^ 
face several inches above the ground surface on one or both sides of the 
ditch. 

When the ditch must be made in light-textured soil much water may 
be lost by seepage through the bed and banks unless they are treated 
in some way. Often the cheapest method and a reasonably satisfactory 
one is to seal the ditch with clay. If it runs through or near a clay bed 
near the upper end, the clay can be dumped or worked into the ditch 
and mixed with the running water. As this muddy water flows down 
the ditch the clay will be carried into the small pores or openings in 
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the sand, so tending to seal off the leaks. In a sand or gravel formation, 
if the velocity of tiie flow is high and the water supply is clear, it may 
pay to excavate the new ditch deeper and wider than would otherwise 
be done, and fill back up to grade with a clay lining. 

If clay is not available or if water is unusually valuable, the ditch 
may be lined with concrete. A thin concrete lining is satisfactory 
where there is no danger of heaving caused by frost. In cold climates 
heaving is likely to occur wherever water can collect in pockets or in 
the soil behind the concrete lining. If the soil is sandy and well- 
drained, heaving is not likely to occur. Where it does occur concrete 
ditch lining should be at least 4 inches thick or quite heavily reinforced 
if thinner. 

In a few cases oil and asphalt linings have been used successfully in 
canals and reservoirs, but in many other cases they have not been per- 
manently successful. Wood and metal linings have also been used to a 
l imited extent. 

LOCATING DITCHES 

When the method of irrigation has been decided upon, the location 
of the farm laterals and head ditches can be drawn on the map or, if 
there is no map, they can be laid out on the ground. If the proposed 
]ine crosses low places, it will be necessary to build earth fills or flumes 
or carry the water through pipes. 



>^ Carpenter's level 

. i t . h 




CM 
I 




Xhalk line '^r'X4" block 



^ Fall desired per rod of ditch cut off here 



Figure 33. — Home-made level used in laying out ditches. The chalk line is used 
merely to obtain correct lengths of leg and a true setting for the carpenter's 
level. 

In laying out ditches, an engineer's level and rod are the most ac- 
curate and convenient instruments, but a farm or architect's level will 
suffice if carefully handled. Distances may be paced with sufficient 
accuracy. When the more convenient instruments are not available, 
an ordinary carpenter's spirit level, attached to a portable wooden 
frame as shown in figure 33, is a useful substitute. One leg of the 
frame is shorter than the other by the distance the ditch is to fall in 1 
rod of its length (table 9). The operator places the bottom of the 
shorter leg on a level with the surface of the water in the canal or other 
source of supply, and the other end of the device is sw^ung around until, 
with the longer leg resting on the ground, the bubble comes to rest in 
the center of its run. A helper marks the location of the longer leg 
with a small stake or by digging up a shovelful of earth ; the level is 
carried forward and the shorter leg is placed on the spot vacated by the 
longer. Again the device is leveled by moving the longer leg up or 
down the slope of the ground until the bubble is in the center of its run, 
a second stake is driven at the point occupied by the longer leg, and the 
device is moved forward again. This operation is repeated until the 
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Table 9. — Capacity of farm ditches 



DITCH NO. 1. 



Grade 


Mean veloc- 
ity in feet 
per second 


Discharge 


Inches per 
rod 


Feet per 100 
feet 


Feet per mile 


Cubic feet 
per second 


Miner's inches 


40equall.see,- 
ft. 


50 equal ] sec- 
ft. 


Me 


0.15 


7.9 


0.9 


0.8 


30 


40 


\^ 


.25 


13.2 


1. 1 


1. 1 


40 


50 


1 


.50 


26.4 


1.6 


1.6 


60 


80 


2 


1.00 


52.8 


2.3 


2.2 


90 


110 


3 


1.50 


79.2 


2.9 


2.7 


110 


140 



DITCH NO. 2 



■He 


0. 10 


5.3 


1.0 


1.5 


60 


80 


Me 


. 15 


7.9 


1.2 


1.9 


80 


100 


\^ 


.25 


13.2 


1.6 


2.5 


100 


120 


1 


.50 


26.4 


2.3 


3.5 


140 


180 


2 


1.00 


52.8 


3.2- 


5.0 


200 


260 



DITCH NO. 3 





0.05 


2.6 


0.9 


3.0 


120 


150 


Me 


.10 


5.3 


1.2 


4.3 


170 


220 


He 


.15 


7.9 


1.5 


5.3 


210 


270 




.26 


13.2 


2.0 


6.9 


280 


350 


1 


.60 


26.4 


2.8 


9.9 


400 


490 



DITCH NO. 4 





0. 05 


2.6 


1.2 


10 


400 


500 


He 


. 10 


5.3 


1.8 


14 


580 


730 


He 


.15 


7.9 


2.2 


18 


720 


900 


\^ 


.26 


13.2 


2.8 


23 


920 


1,200 


1 


.60 


26.4 


3.9 


33 


1,300 


1,600 



entire line of the ditch is laid out, whereupon a furrow is plowed on the 
line of stakes, but smoothing out the sharp angles, and this furrow 

is used as a guide in 




excavating the ditch. 

Figures 34 to 37 
show cross sections 
of farm ditches. The 
permissible water 
level in some of these 
ditches is higher than 
the natural ground 
surface. Where the 
natural ground sur- 
face is sloping, as in 
figure 34, the bank is 
made entirely of 



H" earth taken out of the 

Figure 35.-— Farm ditch No. 2. ^^t- The ditch can 

be so located that, 

when it is being used simply to carry water, the water surface will 
be below the original surface of the ground on the lower side of the 
ditch. When it is desired to divert water on to the land just below 
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FiGUEE 3G.— Farm ditch No. 3. 




Figure 37. — Farm ditch No. 4. 



the ditch this water can be temporarily checked and its surface raised, 
either by placing boards in a permanent check structure, such as that 
shown in figure 38, or a temporary dam as described on pages 26 to 
28, and shown in figures 16 and 17. With the ditch on nearly level 
land, as shown in figure 35, the same method of raising the water can 
be used to irrigate land on either side. 




Dettiil of sill form 



Figure 3S. — Design of standard forms for concrete check gate. 
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The ditch shown in figure 36 is suitable for locations where the water 
surface must be held above the surface of the ground in order to com- 
mand the land alongside or farther down the ditch. It is also suitable 
where the subsoil is very porous and the water supply is clear. Under 
these conditions the seepage loss from a deep ditch cut into the subsoil 
AYould be excessive. If the water supply carries large quantities of 
silt, the extra soil needed for the banks can be secured by making the 
ditch deeper. The extra depth will then provide some sijace for silt 
and thus save some cost of cleaning. If the silt is fine, as it generally 
is, it will seal the bottom of the ditch and reduce seepage losses. 




FiGUKE 39. — Home-made V ditcher in use. 



Figure 37 shows a larger ditch on sloping land suitable for the 
diversion ditch leading from a stream to a large farm or small group of 
farms. Each type of ditch appearing in these figures can, of course, 
be built in any of the sizes shown. The capacity of each ditch when 
the water is flowing at the depth indicated, when in good condition 
(that is, not obstructed with loose earth, pebbles, or gfass and weeds), 
and on different grades, is shown in table 9. 

The smallest farm ditches are simply plow furrows, single on sloping 
land and double, with the furrow slice turned in opposite directions, 
m. level land. The latter are sometimes turned in one operation by the 
use of a special plow made by fastening two shares back to back and 
using extra long moldboards in order to throw all the dirt clear of the 
furrows. 

Ditches of moderate size are constructed with the V-shaped ditch- 
ers, either home-made of wood or manufactured of steel. The smaller 
ditchers are usually simple V's, such as the one shown in fiffure 39. 
Manufactured ditchers (fig. 40) are adjustable for the width of the 
bottom and the slope of the ditchbanks. Both kinds are so mad^ that 
in working a ditch on sloping land they throw the soil down the hill 
while going in either direction. The change is made by removing 
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the seat and other fittings, turning the V over, and replacing the fittings 
on the other side. These changes can be made very quickly. 

An earth fill may be constructed and the ditch excavated in the top, 
a flume may be built, or a pipe line may be used to carry water across 
depressions, the choice depending largely on the depth of the de- 
])ression. If the water surface is to be less than 2 or 3 feet above the 
ground surface at the low point of the depression, the earth fill will 
be best. For heights of 5 to 10 or 15 feet a flume is most likely to be 
used, w^hile for heights of 30 feet or more pipe lines are nearly always 
utilized. In intermediate cases the choice will depend on the rela- 
tive cost of labor, flume material, 
and pipe. The earth fill is the 
most permanent but is subject to 
some seepage loss and the danger 
of being washed out, especially 
where rodents are numerous. 

FLUMES 

Wooden flumes are subject to 
leakage and are not permanent. 
Manufactured galv^anized-steel 
flumes are practically watertight 
and, when supported by well-con- 
structed trestles on concrete foot- 
ings, they have long life, espe- 
cially if the supporting structure 
is made of treated lumber and 
the water does not carry sand 
that will cut the zinc from the 
steel. 

A satisfactory wooden flume to Figuke 40.— Steel V ditcher, 

carry 1 to 5 cubic feet per second 

can l3e built as shown in figure 41. Table 10 gives the capacity of 5 
flumes of different sizes on different grades. The capacities given in 
table 10 are for water streams of the widths and depths shown. The 
flume itself must be deeper than this to allow for small irregularities of 
grade and for waves. In flumes a foot or less wide, reasonably straight, 
and on moderate slopes, 1 or 2 inches of freeboard (height of side of 
flume above expected water surface) will be sufficient. On steep slopes 
or very crooked lines it may be necessary to make small flumes twice 
as deep as tlie water. Streams carried through flumes may be larger 
than those carried through ditches of the same size, because the inside 
of the flume is straighter and smoother than a ditch and friction is less. 
Since there is no chance of soil-washing, steeper grades can be nsed, 
and this also permits larger quanties of water to be carried. However, 
where only a short section of flume is to be used, the extra capacity of 
a smaller flume cannot readily be utilized and the structure should be 
of the same size as the ditch. In the case of a long flume the possibly 
greater capacity resulting from the higher velocity can be taken into 
account, and the flume may be smaller than the ditch. Where this is 
done the water surface in the flume will be slightly lower than that in 
the ditch. If the water in the flume is to be shallower than in the ditch. 
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Table 10. — Mean velocity in and discharge of rectangular wooden flumes on 

different grades ^ 

FLUME NO. 1—6 INCHES WIDE, WATER 3 INCHES DEEP 



Grade 


Mean veloc- 
ity^ in feet 
per second 


Discharge 


Inches per 
rod 


Feet per 100 
feet 


Feet per mile 


Cubic feet 
per second 


Miner' 


3 inches 


40 equal 1 sec- 
ft. 


50 equal 1 sec- 
ft. 


Me 


0.15 


7.9 


0.9 


0.11 


4 


5 


H 


.25 


13.2 


1.1 


.14 


6 


7 


1 


.50 


2f>. 4 


1.6 


.20 


8 


10 


2 


1.00 


52.8 


2.3 


.28 


11 


14 


3 


1.50 


79.2 


2.8 


.35 


14 


17 


4 


2.00 


106.0 


3.2 


.40 


16 


20 


6 


3.00 


158.0 


4.0 


.50 


20 


25 


8 


. 4.00 


211.0 


4.6 


.57 


23 


29 



FLUME NO. 2—8 INCHES WIDE, WATER 5 INCHES DEEP 



Me 


0.15 


7.9 


1.2 


0. 33 


13 


17 


H 


.25 


13.2 


1.5 


.41 


16 


22 


1 


.50 


26.4 


2.2 


.62 


25 


33 


2 


1.00 


52.8 


3.1 


.86 


35 


43 


3 


1.50 


79.2 


3.8 


1.06 


42 


53 


4 


2.00 


106.0 


4.4 


1.22 


49 


61 


6 


3.00 


158.0 


5.4 


1.50 


60 


75 


8 


4.00 


211.0 


6.2 


1.73 


68 


87 


FLUME NO. 3—12 INCHES WIDE, WATER 7 INCHES DEEP 


Me 


0. 10 


5.3 


1.3 


0. 7() 


30 


38 


Me 


.15 


7.9 


1.6 


.93 


37 


46 


H 


.25 


13.2 


2.1 


1.21 


48 


60 


1 


.50 


26.4 


2.9 


1.72 


69 


86 


2 


1.00 


52.8 


4.2 


2. 43 


97 


120 


3 


1.50 


79.2 


5.1 


2. 98 


120 


150 


4 


2. 00 


106. 0 


5.9 


3.44 


140 


170 


6 


3. GO 


158.0 


7.2 


4.22 


170 


210 


8 


4. 00 


211.0 


8.3 


4. 87 


200 


240 


FLUME NO. 4—18 INCHES WIDE, WATER 9 INCHES DEEP 


Me 


0. 10 


5.3 


1.7 


1.9 


74 


93 


Me 


.15 


7.9 


2.1 


2.3 


91 


110 




.25 


13.2 


2.7 


3.0 


120 


150 


1 


.50 


26.4 


3.8 


4.2 


170 


210 


2 


1.00 


52.8 


5.3 


6.0 


240 


300 


3 


1.50 


79.2 


6.6 


7.3 


290 


370 


4 


2. 00 


106.0 


7.6 


8.4 


340 


420 


6 


3.00 


158.0 


9.3 


10.3 


410 


520 


8 


4.00 


211.0 


10.7 


11.9 


480 


600 


FLUME NO. 5—24 INCHES WIDE, WATER 15 INCHES DEEP 


Me 


0. 10 


5.3 


2.2 


5.6 


220 


280 


Me 


.15 


7.9 


2.7 


6.9 


280 


340 


'A 


.25 


13.2 


3.6 


9.0 


360 


440 


1 


.50 


26.4 


5.0 


12.6 


500 


630 


2 


1.00 


52.8 


7.1 


17.9 


710 


890 


3 


1.50 


79.2 


8.8 


21.9 


880 


1, 090 


4 


2.00 


106.0 


10.1 


25.3 


1, 010 


1, 260 


6 


3.00 


158. 0 


12.4 


31.0 


1,240 


1, 550 


8 


4.00 


211.0 


14.3 


35.7 


1,430 


1,790 



1 All capacities are based on the inside width of the flume and the depth of water. 
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ri(;uEE 41. — WcKxleti flume built to carry 1 to 5 cubic feet per second. 



most of the difference should be accounted for by making the bottom 
of the flume liigher than the bottom of the ditch. 

In addition to their use in carrying water across depressions, flumes 
are sometimes used to carry water down steep slopes where earth 
ditches would erode badly. The smaller flumes are also used for the 
distribution of water to furrows or corrugations when fitted with out- 
let gates as shown in figure 42, Galvanized-metal flumes are manu- 
factured in several styles. Manufacturers and dealers supply tables 
showing sizes and capacities. A small flume of this type is shown in 
figure 43. 




Figure 42. — Wooden flume with outlet gates. 
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Figure 43. — Small seiiiicirciilar metal flume. 



PIPES 

Pipes for use in irrigation may be made of wood, concrete, or steel. 
Wooden pipes, unless made of treated or highly decay resisting ma- 
terial, are comparatively short lived in irrigation service because of 
being alternately wet and dry. Concrete pipe is almost permanent if 
well made, properly installed, and not subject to water hammer or 
extreme alkali or acid conditions. The smaller sized pipes, and those 
having to operate under heads up to 10 or 20 feet, are made of plain 
concrete. For lower heads in the larger sizes and for greater heads 
in all sizes steel-reinforced concrete is used. Table 11 shows the 
capacity of concrete pipe 6 to 18 inches in diameter. 



Table 11. — Merui velocity in and discharge of concrete pipe floirinf/ full ^ 
PIPE 0 INCHES IN DIAMETER 



Grade 






Inchi's per 
rod 


FtH'tpor 100 
feet 


Feet per mile 


Mean veloc- 
ity in feet 
l)er second 


Cubic feet 
per sec<jnd 


Miner' 


^ inches 


40e(jual 1 .sec- 
ft. 


50 equal 1 sec- 
ft. 


he 
H 

1 

4 
1 
8 


0. 1 
2 
'.5 
1.0 
2.0 
3.0 
4.0 


5.3 
10. 6 
26.4 
62.8 
106. 0 
158.0 
211.0 


1.0 
1.3 
2.1 
3.0 
4.2 
6.2 
6.0 


0. 19 
.26 
.42 
.59 
.83 
1.02 
1. 18 


7 
11 
17 
24 
33 
41 
47 


9 
13 
21 
29 
42 
51 
59 



1 Adapted from U. S. Dept. Agr. Bui. .852, the flow of water in concrete pipes, table 6. 
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Table 11. — Mean velocity in and discharge of concrete pipe flowing full ^ — Con. 

PIPE 8 INCHES IN DIAMETER 



Grade 






Discharge 


rod 


Feet per 100 
feet 




Mean veloc- 
ity in feet 
per second 


Cubic feet 
per second 


Miner's inches 


Feet per mile 


40 equal 1 sec- 
ft. 


50 equal 1 sec- 
ft." 


Me 
% 
1 

4 

6 

8 


0.1 
.2 
.5 

1.0 

3.0 
4.0 


5.3 
10.6 
26.4 
52.8 
106. 0 
158. 0 
211.0 


1.1 
1.6 
2.5 
3.6 
6.1 
6.2 
7.2 


0. 40 
.56 
.89 

1.25 

1. 77 
2.17 

2. 51 


17 
22 
36 
50 
71 
87 
100 


20 
28 
44 
63 
89 
110 
130 






PIPE 12 INCHES 


IN DIAMETER 






Mg 
H 
1 

2 
4 

6 
8 


0.1 
.2 
. 5 
1.0 
2 0 
3.0 
4.0 


5.3 
10. 0 
26.4 
52.8 
106.0 
158. 0 
211.0 


1.5 
2. 1 
3.3 
4.6 
6.6 
8.0 
9.3 


1.2 
1.6 

2.6 
3.6 
5.1 
6.3 
7.3 


46 
65 
100 
150 
210 
250 
290 


58 
81 
130 
180 
260 
310 
360 






PIPE 18 INCHES 


IN DIAMETER 






H 
1 

4 
6 
8 


0.1 
. 2 

is 

1.0 
2.0 
3.0 
4. 0 


5.3 
10.6 
26.4 
52.8 
106. 0 
158.0 
211.0 


1.9 
2.7 
4.2 
6.0 
8.4 
10.3 
11.9 


3.3 
4.7 
7.5 
10.5 
14.9 
18.3 
21. 1 


130 
190 
300 
420 
600 
730 
840 


170 
240 
370 
620 
750 
910 
1,050 



1 Adapted from U. S. Dept. Agr. Bui. 852, the flow of water in concrete pipes, table 6. 

Table 12. — JjOSs of head due to friction per hundred feet of steel or wrought' 

iron pipe ^ 



Rate of flow 



G.p.m. 

5 

10 
15 
20 
25 
50 
75 
100 
150 
200 
300 
400 
500 
600 
700 
800 
900 
1.000 
1, 250 
1,500 



Sec.-ft. 
0. Oil 

.022 

.033 

.045 

.056 

.11 

.17 

.22 

.33 

.45 

.67 

.89 
1.1 
1.3 
1.6 
1.8 
2.0 
2.2 
2.8 
3.3 



Loss of head in pipe with inside diameter of — 



inch 


1-^ 

inch 


inches 


IH^ 
inclies 


2 

inches 


21/2 

inches 


3 

inches 


4 

inches 


5 

inches 


6 

inches 


8 

inches 


10 
inches 


12 
inches 


Ft. 
5.2 
20 


Ft. 
L6 
6.0 

13 

22 


Ft. 

0. 42 

1.6 

3.4 

5.8 

9.0 


Ft. 
0.20 
.74 
1.6 
2.7 
4.2 
16 


Ft. 
0. 07 
.26 
.56 
.96 
L5 
5.5 
12 
20 


Ft. 


Ft. 


Ft. 


Ft. 


Ft. 


Ft. 


Ft. 


Ft. 


0.08 
.18 
.32 
.48 
L8 
3.9 
6.7 
15 
















0.08 
.10 
.20 
.74 

1.6 

2.8 

6.0 






























0. 05 
.18 
.39 
.68 

1.5 

2.5 

5.5 

9.4 
















0. 06 
.13 
.22 
.49 
.84 

1.8 

3.2 

4.8 

6.8 

9.1 
































0. 09 
.20 
.35 
.74 

1.3 

2.0 

2.8 

3.7 

4.8 

6.0 

7.4 
































0. 08 
.18 
.31 
.48 
.68 
. 91 

1.2 

1.5 

L8 

2.8 

3.9 




















0. 06 
.10 
.16 
.23 
.31 
.39 
.50 
.60 
.92 

L3 


































0. 07 
.09 
.13 
.16 
.20 
.25 
.38 
.63 

















































































































































1 Based on the Scobey formula (Js:'»=0.34) for new thin riveted pipe or 4- to 6-year old continuous-interior 
pipe. See, Flow of Water in Riveted Steel and Analogous Pipes, U. S. Department of Agriculture, Tech- 
nical Bulletin 150. 

2 Nominal diameters; actual diameters of standard wrought-iron and steel pipe are larger. 
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Steel and iron pipe is manufactured in many weights and types. 
For the larger sizes welded- or riveted-steel pipe is used. This is 
protected inside and out with asphalt or coal-tar paint; often the out- 
side is further protected by a wrapping of burlap or paper and tar. 
Smaller sizes are of the same type or are made of galvanized sheet 
metal. The 8-inch and smaller sizes used in portable sprinkler or sur- 
face irrigation are made of galvanized sheet steel, 14-gage or lighter, 
with welded or locked joints longitudinally and slip, or quick-acting, 
connections between lengths. Table 12 showed the capacity of smooth 
welded-steel or wrought-iron pipe. 

CONTROL STRUCTURES 

A number of more or less permanent structures is required to con- 
trol the distribution of irrigation water on most farms. 

Farmer's Head Gate or Turn-Out 

Where the water is diverted from the project or group lateral to the 
farmer's field a head gate and some such measuring devices as those 
already described will be needed. If the project lateral is small and its 
bank is not used for a roadway, an open wooden turn-out box similar 
to the gate shown in figure 44 can be used. Dimensions of this gate 
are shown in table 13. If the canal bank is high and wide or if used 
for a roadway, some type of covered box or pipe must be substituted. 
Figure 12 shows a combined head gate and measuring device. Metal 
gates and frames that can be attached to corrugated metal or concrete 
pipe, similar to the installation shown in figure 45, may also be used. 

Wherever it is necessary to construct a ditch on a steep grade the 
water must somehow be prevented from flowing so fast as to erode the 
bed or banks. Such control is frequently accomplished by permanent 




^ a . ^ 1 

FiGUKE 44. — standard double-wing turn-out or border gate. 
See table 13 for dimensions. 



drops combined with checks designed to raise the water level while the 
land just upstream from the structure is being irrigated. The gate 
shown in figure 44 can be adapted to this purpose. If the slope of the 
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land is steep a drop between the front and back ends of the structure 
of 2 or more feet may be made. It is often advisable to build the first 
structures in an irrigation system of wood in order that any changes, 
proved necessary by experience, can be made before the permanent 
structures are constructed. 



Table 13. — Dimensiovs of border gate shown in figure 44 



Designed for heads of— 


Dimension indicated in figure 44 as— 


a 


b 


c 


d 


e 


/ 






Feet 


Feet 


Feet 


Feet 


Feet 


Feet 


Feet 


3 to 6 second-fcet 


9 


3.5 


3 


2 


3 


3 


3 


6 to 10 second-feet 


12 


4 


4 


2 


4 


4 


3.5 


10 second-feet or more 


14 


4 


5 


2 


4.5 


4.5 


4 








FiGi uE 45. — Metal head gate for use on con- 
crete or corrugated-metal pipe. 



Forms for a permanent 
check are shown in figure 
38. Small field ditches in 
firm earth can be controlled 
by means of the simple 
structure shown in figure 4C>; 

Where water is diverted 
to the land from the field 
lateral or head ditch small 




FiGi RK 46. — Wooden check for 
use in small-capacity field 
ditches. 

permanent or semiperma- 
nent structures are some- 
times used. The type of 
concrete check and border 
gate shown in figure 47 is 
economical and useful in 
areas where the soil is well 
drained and frost heaving 
does not occur. The wooden 
check shown in figure 46 can 
also be used as a border gate. 



Another type of outlet gate, often used with the furrow or corrugation 
method, is shown in figure 48. 
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FiciUKE 47. — Clieck and border gates made by plastering concrete on the soil, 
Umatilla project, Hermiston, Oreg. 



MAINTAINING THE SYSTEM 

No matter liow well an irrigation system may be constructed it will 
not give satisfactory service unless 2:>roperly maintained. In many 
sections irrigation water carries silt which settles in the farm ditches. 
Moreover, grass or other vegetation growing on the bottom or sides of 
the channel may gradually decrease its capacity. Although cleaned 
each spring before the irrigation season starts ditches may need to be 

recleaned once or several times during the 
season. The common type of farm ditch 
can best be kept in good operating condi- 
tion by the use of a V-ditcher, such as 
shown in figures 39 and 40. In order to 
use these machines efficiently the ditch 
should be as free of structures as possible. 
If the silt problem is bad, the only per- 
manent structures in a farm system should 
be the division boxes at the principal 
junctions of the laterals. The drops re- 
quired in ditches on steep slopes can be 
provided with removable check boards or 
flashboards. When these are taken out 
the velocity of flow will be sufficient to 
carry off any deposited silt. In other 
ditches the portable canvas dam will be 
found almost as couvenient as a penininent 
check gate and will not interfere with 
maintenance. 

All structures, especially those of wood, 
should be examined before the beginning of the irrigation season 
and any broken or decayed parts repaired or replaced. 




Figure 48. — Outlet boxes 
used to divert water from 
head ditches to equalizing 
basins. 



\ 
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PREPARING LAND FOR IRRIGATION 

Careful preparation of the land for irrigation results in saving of 
water, lessened labor in its application, and better crop production. 
The amount of preparation required depends on the method of irriga- 
tion. ' In any case all small hummocks and hollows must be smoothed 
out. If they are only a few feet (5 to 10) in diameter and a foot or 
less in height, this can be done by a home-made wooden leveler or float, 
such as that shown in figure 49, or by a factory-made steel machine. 




Figure 49.— Land leveler or float (Harney Rraiieli Experiment Station, Oregon). 



If the field is to be irrigated by flooding from field laterals this usually 
will be all the leveling needed and the field ditches will be so located as 
to reach all the high spots. For other methods of irrigation the loca- 
tion of border strips, borders to surround level or contour checks or 
basins, and head ditches for systems of corrugations or furrows must 
next be fixed, preferably b}'^ the aid of the topographic map described 
on page 43. 









film 




Figure 50. — An improved scraper extensively u^^ed in Idaho and other States. 

For furrow or corrugation irrigation it will be necessary to cut 
down the high spots or fill depressions or, more likely, do both until 
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there is a continuous slope from each head ditch to the one next 
lower or to the waste ditch. Where earth must be moved more than 
a few feet, it is best to use a wheeled scraper (fig. 50) with four 
horses or a tractor. If substantial cuts or long hauls are required, 
equipment such as that used on highway grading jobs will 4o the 
work more cheaply ; however, it is only where the soil is deep and the 
subsoil unusually fertile that such heavy grading should be under- 
taken. 



330' 



Section A-A 



330 



V//777777r7-ry^ 



- 2,430 



.2 2,428 



"XT 



2.424 



Section B-B 



£ 2,430 



% 2,428 




Section C-C 



Cut Fill 
' *~~ Original ground surfoce 



Leveled for borders 



FiGUKE 51. — Profiles and section of border strips. 

For the border method described on page 33 and shown in figure 
25 more leveling is required in order to make each border-strip 
level from side to side with a continuous slope from near the top to 
the bottom. This slope does not need to be uniform but there must 
be no places where the fiow of water will be hindered by high ground. 
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In figure 51 are shown profiles of two of the border strips and a 
section across the borders in the west half of the field mapped in 
figure 25. In preparing land for strip borders it usually is necessary 
to move dirt from one sid-e of the strips to the other to make them 
level crosswise. Rough leveling, where much dirt must be moved, 
may be done by heavy tractor-propelled machinery, such as bull- 
dozers and carry-all scrapers. Lighter tractor- or horse-drawn 
equipment may be used if the land is fairly smooth. In any case 
the rough leveling should be done before borders are built. 

Borders between strips should be broad on the base and slope 
gently to let farm machinery operate over them. If a sizable irri- 
gating stream is to be used, the borders should be correspondingly 
large, say 10 to 12 feet wide at the base and a foot high. If the strips 
and the irrigating stream are small, the borders may be 4 or 5 feet 
wide at the base and 6 or 8 inches high. Since they will settle when 
first irrigated, borders should be built considerably higher than the 
desired final height. Borders in fields of perennial crops, such as 
pasture, alfalfa, and clover, should be made higher than those in 
annual crops, such as wheat, oats, and barley, since they will be worn 
down by the farm machinery and the trampling of livestock. 

The larger borders are made with a scraper or other machine sent 
back and forth across the strips to carry earth from the higher spots 
and drop it on the borders. For the smaller borders used with narrow 
strips the earth is moved sideways by a V or a road grader. The 
border is started by throwing two plow furrows together. A road 
grader then takes soil from a wider strip, fills the furrows, and throws 
more earth against the border. If the land is level at right angles to 
the strips, the road grader then works soil both ways from the center 
to the borders ; if it slopes across the stripy, the earth is moved from 
the high side to the low. This process is kept up until the strip is 
j)erfectly level crosswise and the border has been built to the desired 
height. The result may be a series of steps across the field, as shown 
in section C-C of figure 51. 

For strips not more than 22 feet wide the home-made wooden drag 
shown in figure 52 has been used successfully in the Northwest.^" 
The chain hitch is adjustable, so that the drag may be used to move 
earth both ways from the center on a level strip or to right or left 
on a sloping strip, as may be required. A wide strip of land is needed 
in which to turn this machine ; it cannot, therefore, be used to main- 
tain borders where permanent head ditches are close together. 

The slope of a border strip is ordinarily that of the natural ground 
surface, except where the natural surface has a reverse grade. The 
strips should be level for 25 or 50 feet at the upper end in order that, 
after leaving the lateral, the water may spread out before starting 
down the slope. A luiiform grade down a strip is not necessary; only 
enough earth is moved to insure a continuous downward slope from 
near the top to the bottom. Section A-A in figure 51 shows a strip 
that required a good deal of leveling. The depression through the 
middle had t-o be filled in order to prevent water from ponding in that 
section. This could have been done by cutting the lower end deeper 
and not disturbing the upper end, but this deeper cutting would have 



'2 The V drag shown in figure 52 was designed by A. S. King of Oregon State Agricultural 
College. 
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been detrimental to the soil and would have required a longer haul of 
the earth, thus increasing cost. For these reasons some cut was made 
at the upper end. The fact that the ground was higher at the north- 
east corner of the field than at the center of the north side required that 
the head ditch be carried across this low ground on a fill or low flume. 

A strip-bordered field being irrigated with water delivered from a 
low flume is shown on the front cover page. 

Grading land for level and contour basins is done in much the same 
way as for strip borders. Level basins are small and graded to a level 
plane. They may be either rectangular, as on the west half of the field 
shown in figure 26, or somewhat irregular and conforming to the con- 
tours as on the east half of the field. The borders around the basins 

are made in the same 
dimensions and in 
the same way as those 
of the border-strip 
type. 

TIME AND AMOUNT 
OF IRRIGATION 

The purpose of ir- 
rigation is to main- 
tain sufficient mois- 
ture in the root zone 
to enable the crop to 
make the desired 
growth. In most 
areas crops secure 
some moisture from 
natural precipitation 
either during t h e 
growing season or, 
after storage as soil 
moisture, from non- 
growing season rain 
or snow. 

The frequency and 
size of irrigation ap- 
plications are de- 
pendent on the rate 
at which crops use 
water and the water- 
holding capacity of 
the soil of the root 
zone. The rate at 
which crops use wa- 
ter depends on two general factors: the characteristics of the crop 
itself, such as variety, size, stage of growth, and thickness of stand, 
and weather conditions (temperature, wind movement, and humid- 
ity). The water-holding capacity of the root zone depends on the 
depth of soil occupied by active roots and the character of the soil 
itself, chiefly its texture, structure, and content of organic matter. 
All these variables prevent any generally applicable statement as to 
when and in what amounts wat^r should be applied by irrigation. 
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Figure 52. — Border-strip drag. 
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SOIL CHARACTERISTICS AFFECTING USE OF WATER 

The depth available for root growth and the water-holding capac- 
ity are the important soil factors governing the required frequency 
and quantity of irrigation. The quantity of water held in the soil 
after an irrigation and after rapid downward drainage has ceased is 
known as the "field capacity." That content at which plants will 
wilt even in moist, still air is called the "wilting point." (See p. 2) 
The difference between these two quantities is known as "available 
capacity." All these quantities are usually stated as percentages 
of the dry weight of the soil but, if the weight of dry soil is known, 
they may be converted to depth of water. 

The movement of water through the soil is of very great importance 
in irrigation, drainage, and many other farm practices. In fully 
saturated or waterlogged soil, w^ater will always move in the direction 
of the steepest downward slope of the water table. The rate of flow 
will be many times faster in coarse sands than in fine clays. The 
flow of water toward and into subsurface drains takes place through 
saturated soils ; consequently this type of flow is of great significance 
in the operation of drainage projects. 

In irrigation practice, however, flow through unsaturated soils is 
of much greater importance. Under the unsaturated condition, 
moisture in excess of the field capacity moves with comparative rapid- 
ity vertically downward, more slowly at an angle, and upward still 
more slowly and for short distances only. This so-called free water 
may move down through the soil many feet in a few days. It is 
this type of movement that distributes the moisture through the soil 
in furrow irrigation. In soil containing only slightly less than the 
field capacity, movement takes place at an even slower rate and in 
any direction. This type of movement is rapid enough to be of im- 
portance in supplying moisture to crop roots through very short dis- 
tances, but at still lower moisture contents the rate of movement be- 
comes so slow that it is of little practical effectiveness. 

The movement of moisture in unsaturated soils, as in saturated 
soils, is more rapid if they are of coarse texture than if they are fine, 
but the difference in rates is very much less under unsaturated con- 
ditions. The maximum distance through which moisture will move 
in time is, however, greater in the finer soils. Except in the zone just 
above the water table, upward movement is too slow to be of any im- 
portance in irrigation practice. 

The variations in the ability of soils to transfer water, in the 
completeness with w^hich the crop roots are distributed in the soil 
and in weather conditions, make it impossible to fix a definite point 
at which crops will begin to suffer in a given case. In some instances 
it will be close to the wilting point, while in others it may be well above 
that point. 

As a general average, sandy soils will hold from i/^ to 1 inch of 
available water per foot of depth; sandy loams, 1 to 1^/^ inches; silt 
and clay loams, li^j to 2 inches ; and some clays, as high as 3 inches. In 
the case of clays, however, a part, sometimes a large part, of the so- 
called available water is released so slowly that crops may suffer 
severely under extreme drying conditions notwithstanding i\k actual 
presence. 
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CROP CHARACTERISTICS AFFECTING USE OF WATER 

By far the larger part of the water absorbed by crop roots is tran- 
spired from the leaves, the small remainder being held in the crop 
tissues as water or used, together with carbon dioxide from the air, in 
the chemical composition of these tissues. The quantity of water used 
and transpired by a crop in producing 1 pound of dry matter varies 
from a few hundred to over a thousand pounds. Alfalfa and similar 
legumes appear to be rather extravagant users of water, while corn 
and similar crops are more economical. Plants use water most rapidly 
when most leafy and making the fastest vegetative growth, and tend to 
need and use less as they approach maturity. A heavy stand of any 
crop uses water more rapidly than a poor stand under similar condi- 
tions. There is not as niuch difference in the maximum rate at which 
different crops use water as there is in the total quantity used. Fast- 
growing crops may use 2 inches or more a week during hot weather. 

This 2-inch figure is useful in estimating the required capacity of a 
small irrigation system in a region subject to hot, dry periods, A 
large project with a wide diversity of crops or one in a subhumid area 
will not have to supply water at so high a rate. This quantity does not 
make any allowances for losses that may be unavoidable. 

The frequency and amount of irrigation required is affected by the 
character and depth of the root system. All crops will take most of 
their water from the upper few. feet of soil if it is available there. 
Some, however, have the ability to obtain substantial quantities from 
greater depths. The irrigation farmer whose soil is deep should take 
advantage of this ability. Deep-rooted crops should be allowed to dry 
out the subsoil as far as possible without suffering for water. The 
whole root zone should then be filled to field capacity by irrigation. 
Some crops have many fine roots and root hairs, thus reaching to 
within a very short distance of every soil particle and its covering of 
moisture. Others have much smaller root systems, and many small 
masses of soil may not contain any root at all. Under the former 
condition moisture moves to the roots through extremely short dis- 
tances, whereas under the latter the distances may be appreciable. 

The depth from which different crops will obtain water depends on 
the kind of crop and the depth, character, and moisture content of the 
soil and subsoil. Most pasture grasses and truck crops are shallow- 
rooted, or at least require moisture close to the surface for maximum 
growth. For such crops the upper 18 inches are the most important 
and in irrigation practice may be considered as the root zone. A large 
number of crops, including potatoes, sugar beets, and small grains, 
obtain by far the major part of their moisture supply from the upper 
2 to 4 feet. A smaller number, including alfalfa and orchards, will 
draw from 6 to 8 feet or more. These figures represent what may be 
called normal conditions for the crops mentioned and apply where the 
soil is at least as deep as the zones specified and favorable moisture 
conditions are maintained in those zones. Under drought conditions 
all crops will go deeper for moisture if it is present in deeper soil ; but 
all crops too, if compelled to do so, will grow with a shallower root 
zone. 

Weather conditions have a marked effect on the rate at which crops 
use water and also govern to some extent the lower limit to which the 
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soil moisture may safely drop before irrigation water is' applied. 
During cool, moist weather the rate of transpiration is low and the slow 
movement of moisture through the soil to the roots resulting from a 
low moisture content may be sufficient to maintain proper growth. At 
the other extreme, during hot, dry, windy weather the transpiration 
rate is rapid and moisture must move through the soil to the roots com- 
paratively fast to prevent a shortage in the plant. This more rapid 
movement can only be accomplished when the soil moisture content is 
high. The latter condition is relatively more important in shallow, 
tight soils and may be hardly noticeable in deep sandy or loamy soils. 

DEPTH OF APPLICATION 

Since no irrigation method assures absolutely uniform application 
of irrigation water, some areas will receive an excess if the drier por- 
tions are sufficiently watered. Some loss to the ground water by deep 
percolation will occur from those areas receiving the excess. There is 
also some loss by direct evaporation from the soil surface. It is, there- 
fore, necessary to apply more water than the crop will actually use. 

If all these factors be brought together, the results will be as shown 
in table 14. Depending on soil and crop characteristics, separate appli- 
cations of water may vary from 1 to 14 inches in depth. These figures 
represent depths of actual water, not depths of moist soil. 



Table 14. — Depth of irrigation water to he retained in the soil at separate 

applications 



Root zone i 


Sandy soil 


Loamy soil 


Clayey soil 


Shallow.. 


Inches 

1 to 2 


Inches 

2 to 3 


Inches 
3 to 4. 
6 to 8. 
10 to 14. 


Medium 


2 to 3 


4 to 6 


Deep 


4 to 6 


8 to 10 









1 Root zones are classified as shallow at less than 2 feet; medium, 2 to 3 feet; and deep, 6 to 8 feet. 



FREQUENCY OF APPLICATION 

Knowledge of the amount or depth of water that should be applied 
at a single time and of the rate of use under different conditions pro- 
vides a basis for estimates of the proper frequency of the applications. 
As a general guide table 15 shows estimated periods between irriga- 
tions for different crops, weather conditions, and different depths of 
application. The shorter time interval in each case represents the 
period that may be allowed during very hot dry weather, while the 
longer period is that suitable for cool, moist weather. 

The exact time at which an irrigation application should be made 
can be determined only by an examination of the soil and crop. An 
experienced farmer can tell when his crops are suffering badly for 
water. The trick is to tell a few days before they start to suffer and 
apply water soon enough to prevent any set-back. In districts where 
irrigation has been long practiced the farmers have learned to do this 
with a fair degree of accuracy by the appearance of both soil and 
crop. In other areas the most common mistake is to wait too long 
before starting to irrigate. Any serious set-back of the crop from lack 
of moisture means a correspondingly reduced yield at harvest. 

An idea of the moisture condition of the soil can be secured by 
digging 6 inches or a foot below the surface and taking a handful 
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Table 15. — Period "between irrigations for different types of crops and different 

depths of water retained 



Crop type i 


Depth of water retained 


1 inch 


3 inches 


6 inches 


12 inches 


Heavy user 


Days 

3 to 6 


Days 

9 to 18 


Days 

18 to 36 


Days 
36 to 72. 
48 to 96. 
72 to 144. 


Medium user 


4 to 8 


12 to 24..- 


24 to 48 


Light user 


6 to 12 


18 to 36 ... 


36 to 72 











1 Crops are classified as heavy, medium, and light users of water. This classification is dependent upon 
the kind of crop, the stage of growth, the rate of growth, and the thickness of stand. The range of days 
given in each case is intended to cover the difference in frequency required from hot, dry weather to cool, 
moist weather. 



of the soil. If when pressed in the hand the soil forms a firm ball, 
there usually is still enough moisture for good crop growth. Some 
heavy clay soils, however, w^ill make a solid ball when they are too 
dry to yield needed water. With many crops much can be told from 
the color of the leaves. When the leaves turn a dark bluish green it 
is time, or past time, to irrigate. In areas where water is costly, and 
with crops that give little advance warning of water shortage, a more 
exact method of determining the need of irrigation is desirable. The 
most common method is by measurement of the moisture content of 
the soil. Somewhat expensive^ equipment, experience in the work, 
and considerable information as to the characteristics of both soil 
and crop are needed to make and use the soil-moisture determinations 
successfully. For these reasons the method is not in general use 
among irrigation farmers. 

TIME REQUIRED FOR IRRIGATION 

The irrigation stream must be held on each "set" of one or more 
border strips or groups of furrows long enough for the required 
depth of water to be absorbed. This time can be learned only by 
experience with the particular soil or field. The only way of learning 
how much water is being applied to the land is by comparing the rate 
of flow and the area of land being irrigated. A convenient fact to 
remember is that 1 cubic foot per second (450 gallons per minute) 
Avill cover an acre 1 inch deep in an hour if none is absorbed. Table 
16 shows the time required by irrigation streams of different sizes to 
deliver enough water to apply different depths to an acre. The 
figures do not allow for waste or unequal distribution nor do they take 
into account the rate at which soils absorb water. Any losses between 
the point of measurement and the irrigated field or by runoff should 
be estimated and subtracted from the size of the stream as measured 
and the remainder used with table 16. 

In using table 16 it is necessary to determine how many acres are 
being irrigated and multiply the time required to cover 1 acre to the 
desired depth, as shown by the table, by the number of acres. For 
instance: A 5-acre field is being irrigated with a stream of 1,000 
gallons per minute and it is proposed to apply 5 inches of water. 
From table 16 it appears that a stream of 1,000 gallons per minute 
will cover 1 acre to a d^pth of 5 inches in 2 hours and 16 minutes; 
thus it will take five times that long, or 11 hours and 20 minutes, to 
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Table 16. — Relation hetiveen sizes of irrigation streams and time required to 
deliver specified quantities of water ^ 



Time required to deliver enough water to apply to 1 acre a depth of— 



Bize ot stream 


2 inches 


3 inches 


4 inches 


5 inches 


6 inches 


7 inches 


8 inches 






Acre-in. 






























Q.p. m. 


Sec.-ft. 


per hr. 


Hr. Min. 


Hr. Min. 


Hr. Min. 


Hr. Min. 


Hr. Min. 


Hr. Min. 


Hr. Min. 


100 


0. 22 


H 


9 


03 


13 


35 


18 


06 


22 


38 


27 


09 


31 


41 


36 


12 


150 


.33 


H& 


6 


02 


9 


03 


12 


04 


15 


05 


18 


06 


21 


07 


24 


08 


200 


.45 




4.. 


32 


6 


47 


9 


03 


11 


19 


13 


35 


15 


50 


18 


06 


250 


.56 


Vie 


3 


37 


5 


26 




14 


9 


03 


10 


52 


12 


40 


14 


29 


300 


.67 


me 


3 


01 


4 


32 


6 


02 


7 


33 


9 


03 


10 


34 


12 


04 


350 


.78. 
.89 


% 


2 


35 


3 


53 


5 


10 


6 


28 


7 


45 


9 


03 


10 


21 


400 




2 


16 


3 


24 


4 


32 


5 


39 


6 


47 


7 


55 


9 


03 


450 


1.00 


1 


2 


01 


3 


01 


4 


01 


5 


02 


6 


02 


7 


02 


8 


03 


500 


1. 11 


m 




49 


2 


43 


3 


37 


4 


32 


5 


26 


6 


20 


7 


14 


600 


1.34 






31 


2 


16 


3 


01 


3 


46 


4 


32 


5 


17 


6 


02 


700 


1. 56 


me 




18 


1 


56 


2 


35 


3 


14 


3 


53 


4 


32 


. 5 


10 


800 


1.78 


m 




08 


1 


42 


2 


16 


2 


50 


3 


24 


3 


58 


4 


32 


900 


2. 01 


2 




00 


1 


31 


2 


01 


2 


31 


3 


01 


3 


31 


4 


01 


1,000 


2. 23 


23/i6 




54 


1 


21 


1 


49 


2 


16 


2 


43 


3 


10 


3 


37 


1,100 


2.45 






49 


1 


14 


1 


39 


2 


03 


2 


28 


2 


53 


3 


17 


1, 200 


2. 67 


2H 




45 


1 


08 


1 


31 


1 


53 


2 


16 


2 


38 


3 


01 


1, 300 


2. 90 






42 


1 


03 


1 


24 


1 


44 


2 


05 


2 


26 


2 


47 


1, 400 


3. 12 


3Ma 




39 




58 


1 


18 


1 


37 


1 


56 


2 


16 


2 


35 


1, 500 


3. 34 






36 




54 


1 


12 


1 


31 


1 


49 


2 


07 


2 


25 



1 After table by R. T. Burdick, in Colorado Farm Bulletin, Colorado State College, July-September 1940. 



irrigate the 5 acres. The table can be used in exactly the same way 
whether a single set of the irrigation stream or a whole field is being 
considered. 

The object of all the work done in land preparation and actual irri- 
gation is the uniform distribution of the water in the soil. The irriga- 
tor should determine that water has penetrated the soil in all parts of 
the field deeply enough to moisten the whole root zone. This can be 
done by digging down alongside a furrow or corrugation and noting 
whether or not the moisture from the furrow above has reached the 
moist soil below. A soil auger or soil tube can be used in the same 
way. \ . 

A moisture probe can be used while water is standing on the surface 
of the soil. After some practice and with most soils the depth to 
which water has penetrated can be determined quite accurately. In use, 
the probe is thrust down with both hands in the bottom of a furrow 
or corrugation until it strikes dry, hard ground. To learn its use it 
should be tried out a few times until it seems to have struck the dry 
soil ; then digging with a shovel will show whether the right point has 
been reached. 

By using one or another of these tools at the lower ends of the fur- 
rows and at any other places where the water may not have penetrated 
deeply, such as high spots or steep spots, the irrigator can make sure 
that he has moistened his whole field. If he has accomplished this 
without running the water much longer than is indicated by tables 14 
and 16, he can be sure that the irrigation has been efficient. 

IRRIGATING DIFFERENT CROPS 

» While soil and climatic conditions have more or less the same effect 
on the irrigation needs of all crops, there are some differences in irri- 
gation practices with different types of crops. 
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ALFALFA 

Alfalfa is commonly irrigated by flooding, either from field laterals 
or in border strips or basins. Being one of the deepest-rooted of culti- 
vated crops, where the soil itself is deep it will maintain a fair rate of 
growth from deep-lying moisture. The crop should therefore be al- 
lowed to utilize water from the subsoil before being irrigated, but with- 
out being allowed to suffer. In a dry climate where hay is dried with- 
out difficulty, alfalfa should be irrigated as late as practicable before 
being cut, in order that the new crop may start quickly. 

The surface soil must be kept moist for new seedings of alfalfa until 
the roots are deep enough and strong enough to keep the plants sup- 
plied from the subsoil. This can often be done by using corrugations 
between the borders on land prepared for the border method of 
irrigation. 

Alfalfa grown for seed should not be irrigated as heavily as that 
grown for hay. In fact, alfalfa on a deep soil well supplied with 
moisture* at the beginning of the growing season will often produce 
good seed crops with little or no irrigation later. 

CLOVER 

Irrigation of red clover is similar to that of alfalfa. Other clovers, 
being somewhat shallower rooted and more subject to drought, should 
be irrigated of tener. 

PASTURES 

Most pasture grasses, including white and Ladino clover, are 
shallow-rotted and should be lightly irrigated at frequent intervals. 
Pastures should not be kept wet all the time for several reasons in- 
cluding these: The better grasses and legumes are drowned out if 
water stands on them for any considerable time, the use of water will 
be excessive, and the tramping of the wet soil by the grazing stock 
will ruin its physical structure. Pastures are irrigated by surface 
flooding, corrugations, and, under special conditions, by sprinkling. 

SMALL GRAINS 

Since small grains mature early, they require less irrigation water 
than most other crops. They are irrigated by the methods used for hay 
and pastures, but since they remain on the ground for only a single 
season, temporary ditches are often used. There should be sufficient 
moisture in the soil at planting time to carry the plants until they 
shade the soil surface. If there is not enough soil moisture at planting 
time, all but heavy clay soils should be irrigated early in the spring 
and the seedbed prepared as soon as possible afterwards. Heavy clay 
soils, which, if irrigated in the spring, may not dry out enough for 
satisfactory tillage before planting, can often be irrigated in the fall 
after harvest of the previous crop. Water stored in the soil in this way 
will be available the following spring if not lost by transpiration of 
weeds or other vegetation. Such fall irrigation often helps in weed 
control as the plants can be readily killed by cultivation while young. 



12a Farmers' Bulletin 1630, Irrigation Practices in Growing Alfalfa, gives more informa- 
tion on this subject. 
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Heavy vegetative growth of small grain, as of other crops, follows 
plentiful irrigation early in the season. Since the seed is the valuable 
part of these crops, it is sometimes well not to irrigate too heavily early 
in the season. Plenty of moisture is needed at the time of full bloom 
and the milk stage. Irrigation after the soft-dough stage is bad 
practice.^^ 

ROW CROPS 

Potatoes and other row crops are irrigated by running water in fur- 
rows between the rows. With most soils water should be run in every 
furrow at each irrigation. Some row crops, like lettuce, onion^ or 
sugar beeets, are often planted in two rows on a bed between furrows. 

Since most row crops are shallow-rooted they should be irrigated 
frequently. Potatoes, especially, should not be allowed to suffer after 
the tubers have started to grow, because if growth is stcrpped for lack 
of water and then starts again the potatoes will be misshapen. 

ORCHARDS 

Orchards may be irrigated by means of furrows between the tree 
rows or by flooding small contour or level basins. Most trees are rela- 
tively deep-rooted and draw water from the subsoil, if it is deep and 
permeable to water, air, and the roots themselves. 

On sloping land care should be taken to prevent the irrigation water 
from eroding the furrows. On steep land the trees should be planted 
in rows running approximately along the contour and the irrigation 
furrows should follow these rows. If cultivation is always along the 
contour, a sort of terrace will be produced, which will aid in preventing 
erosion by either irrigation water or natural rainfall. 

Such orchards remain on the land for many years and produce crops 
of high value, elaborate and high-cost systems of irrigation are often 
justified. These may consist of buried concrete pipe lines with 
hydrants at each tree row or permanent concrete flumes with a gate 
at the head of each furrow. 

Trees alone do not use excessively large quantities of water, but such 
quantities as they do use are somewhat increased if permanent cover 
crops are grown between the trees.^^ 

MAINTENANCE OF SOIL PRODUCTIVITY 

Irrigation does not reduce the need of good farm practices. For 
several reasons the maintenance of soil fertility is, perhaps, more 
important on irrigated farms than on others. The provision of irri- 
gation water and its application add to farm costs, and better yields 
must be secured to pay them. Crops on irrigated land are generally 
larger than those obtained without irrigation and for that reason they 
use more plant nutrients each year. In some nonirrigated areas the 
moisture supply is the limiting factor and the addition of fertilizer 
cannot be expected to show^ marked returns. Often, when such lands 



^3 Further information may be found in Farmers* Bulletin 1556, Irrigation ©f Small 

pains. 

1* Farmers' Bulletin 1518, Orchard Irrigation, gives further information on the subject. 
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are irrigated and the moisture limitation is removed, the application of 
fertilizer is very effective. Highly fertile soils produce much larger 
crops per unit of water than infertile soils. 

One of the best means of maintaining a high state of fertility is by 
the use of crop rotations, including a good proportion of legumes 
and the plowing under of legumes as green manure. This procedure is 
especially valuable in arid sections, because soils in those areas are 
naturally deficient in organic matter. 

An increase in organic matter will increase the rate at which tight 
soils will absorb water and soils high in organic matter are less easily 
eroded by wind or water. Both these characteristics are advantageous 
in irrigation practice. 

DRAINAGE 

Because the annual precipitation is only a few^ inches, many low- 
lying areas in arid sections have poor surface and subsurface drainage ; 
nevertheless, in their natural state they are not waterlogged. Heavy 
or unskilful irrigation, however, may w^aterlog them. Water lost 
by seepage from canals and ditches and by deep percolation from irri- 
gated fields may overload the natural underground drainage and cause 
the water table to rise. Most soils and some natural waters in arid 
regions contain large percentages of soluble salts. Wherever the 
water table is high enough for water to be brought to the surface in 
appreciable quantities by capillary action these salts accumulate on or 
near the surface, often forming the familiar white crust known as 
alkali. There may be sufficient alkali in the soil to prevent successful 
crop production, even where crusts are not widely evident. 

Prevention of these troubles is better than cure, and loss of irrigation 
water to the ground water, either by seepage from ditches, canals, and 
reservoirs, or by deep percolation from irrigated fields, should be held 
to a minimum. 

Some losses are unavoidable, but in many irrigated areas excessive 
losses are still occurring. In these cases drainage of waterlogged lands 
is or will be necessary. 

In irrigated regions drainage presents a problem different from that 
of humid sections. Because of the presence of soil alkali the water 
table must be lield so far below the surface that little moisture wnll be 
brought to the surface by capillary action. This requires much deeper 
drainage than is usual elsewhere. In arid regions the subsurface layers 
at depths of several feet often are more pervious to water than the 
surface soil or intermediate layers. Under such conditions drains 
may be placed deeper and very much farther apart than in areas where 
the subsurface strata are relatively impermeable. Ordinarily the need 
for drainage of an irrigated field is not caused by the water applied 
on the surface, but by the w^ater lost from higher-lying lands and 
canals. For this reason the drainage of a field or farm may often be 
accomplished most effectively by a deep drain a considerable distance 
away. In irrigated areas drainage is generally a community problem 
which can best be handled by the irrigation district or company or by 
a specially organized drainage district with competent engineering 
advice. 

The reclamation of alkali lands depends first on securing adequate 
underground drainage and second upon the leaching of the excess 
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salts. If these are neutral salts (white alkali), simple leaching will 
suffice. This is effected by applying large amounts of water over the 
whole surface of the ground, and its subsequent removal by drains. If 
the salts are chemically alkaline (black alkali) the leaching process is 
much more difficult and may have to be supplemented by the addition 
of sulphur or gypsum. In certain areas the water used for irrigation 
contains sufficient gypsum for this purpose. 
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